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OFFICERS 

OF    THE 

AMERICAN   SOCIETY   OF  MECHANICAL 
ENGINEERS, 

1901-1902, 

FORMING   THE   STATUTOHT   COUNCIL. 

PRESIDENT. 
Edwin  Reynolds Milwaukee,  Wis. 

VICE-PRESID  ENTS. 

Arthur  M.  Waitt Now  York,  N.  T. 

James  M.  Dodge .  .Philadelphia,  Pa. 

Ambrose  Swasey Cleveland,  Ohio. 

Terms  expire  at  Annual  Meeting  of  190^ 

Wilfred  M.  Lewis Philadelphia,  Pa. 

M.  E.  Cooi.et Ann  Arbor,  Mich. 

5[.  P.  HiGGiNS Worcester,  IMass 

Terms  expire  at  Annual  Meeting  of  1903. 

MANAGERS. 

Francis  H.  Boter Somerville,  Mass. 

John  A.  Brashear Allegheny,  Pa. 

Alfred  H.  Raynal Washington,  D.  C. 

Terms  expire  at  Annual  Meeting  of  1902. 

W.  P.  M.  Goss Lafayette,  Ind. 

De  Cotibcy  Mat Camden,  N.  J. 

D.  S.  Jacobus Hoboken,  N.  J. 

Terms  expire  at  Annual  Meeting  of  1903. 

R.  S.  MooKE San  Francisco.  Cal. 

H.  A.  GrLLis Richmond.  Va. 

Chab.  H.  Corbett Brooklyn,  N.  Y, 

Terms  expire  at  Annual  Meeting  of  1904. 

TREASURER. 
Wm.  H.  Wiley Nos.  4-3-45  East  19th  St.,  New  York,  N.  Y. 

SECRETARY. 
Prof.  F.  R.  Hottov No.  12  West  31st  St.,  New  York.  N.  Y. 


HONORARY   COUNCILLORS. 

Past  Presidents  of  the  Society. 

R.  H.  Thcrston 1880—1882 Ithaca,  N.  Y. 

E.  D.  LEA^^TT 1882—1883 Cambridgeport,  Mass. 

John  E.   Sweet 1883—1884 Syracuse,  N.  Y. 

Coleman  Sellers 1883 — 1386 Philadelphia,  Pa 

Horace  See 1887—1888 New  York  City. 

Henry  R.  Towne 1888—1889 Stamford,  Conn. 

Oberlin  Smith 1889—1890 Bridgeton,  N.  J. 

Robert  W.  Hunt.   1890—1891 Chicago,  111. 

Cu.\RLES  H.  LORINQ 1891—1892 Brooklyn,  N.  Y. 

Charles  E.  Billings  * 1895 Hartford,  Conn. 

John  Fritz 1895—1896 Bethlehem,  Pa. 

"Worcester  R.  Warner  1896—1897 Cleveland,  Ohio. 

Charles  Wallace  Hcnt 1897—1898 New  York  City. 

George  W.  Melvclle 1898—1899 Washington,  D.  C. 

Charles  H.  Morgan l>-99 — 1900 Worce.ster,  Mass. 

S.  T.  Wellman 1900—1901 Cleveland,  Ohio. 

[Note. — The  former  PresidenU  of  the  Society  are  members  of  the  Coancil  for  life  or  during 
their  r«tentioD  of  active  membership  in  the  Society.] 

*  Unexpired  term  of  K.  F.  C.  Davis. 


NOTE. 

The  considerable  bulk  of  the  volame  of  Transactious  has  induced  the  Publi- 
cation C'oiniiiittee  to  direct  the  insertion  of  a  summary  of  the  Society  memt)er- 
ship  in  ])lace  of  the  complete  list  of  members  whicli  was  published  in  the  earlier 
volumes.  The  summary  attaching  to  this  issue  is  that  which  appears  in  the 
catalogue  of  the  Society  issued  with  corrections  to  July,  1902.  Reference  for  the 
complete  list  should  be  made  to  the  twenty-third  catalogue  issued  ou  that  date. 

Tlie  summary  is  as  follows  : 


Foreign  Cou.NTnif:8. 


Africa 

Australia 

Belgium 

Canada 

Central  America 

China 

Cuba 

France 

Germany  ....    

Great  Britain  (England). 
(Scotland). 


Holland 

India    

Jamaica, W.  I. . 

Japan  

Mexico 

Norway    

Russia 

South  America. 

Sweden 

Switzerland. . . . 


Membership. 


Total  foreign  membei  ship  153 


United  States. 


Member.?  liip. 

Alabama 4 

Alaska 1 

Arizona 1 

Arkansas 3 

California 28 

Colorado 25 

Connecticut 98 

Delaware 11 

District  of  Columbia 26 

Georgia    7 

Illinois 150 

Indiana 33 

Iowa 5 

Kansas 3 

Kentucky 5 

Louisiana S 

Maine    12 

Maryland 29 

Massachusetts 220 

Michigan 59 

Minnesota 11 

Mississippi 3 

Missouri 33 

Total  membership  in  the 


Montana     

Nebra.ska 

New  Hampshire 

New  Jersny 

New  Mexico 

New  Yorii 

Norlli  Caiolina 

North  Dakota 

Ohio    

Oklahoma 

Oregon  

Pennsylvania 

Porto  Rico 

Rhode  Island 

South  Carolina  

Tennessee  . .    

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin 

United  States 2,26 


^mbership. 

10 

3 

16 

126 

1 

G60 

5 

1 

174 

1 

3 

337 

1 

50 

5 

3 

6 

4 

8 

24 

4 

7 

47 


VI  TERRITORIAL    LIST. 

GEOGRAPHICAL    SUMMARY. 

Total  foreign  membership 153 

Total  membership  in  United  States 3,2ri8 

Present  address  uckuown  * 4 

Total  membership 2,425 

SUMMARY  OF  MEMBERSHIP   BY   GRADES. 

Honorary  members 18 

Members 1,667 

Associate  members 174 

Junior  memljers 566 

Total  membership 3,425 

Life  members  f 106 

*  These  are  James  W.  Miller,  J.  H.  Pendleton,  Wm.  R.  MacBonald,  and  Chester  P.  Wilson, 
and  if  any  member  knows  their  present  addresses,  he  will  confer  a  favor  by  advising  the  Secretary 
of  them. 

t  These  Life  Mcmber.s  arc  included  in  the  total  membership  above,  in  the  class  to  which  they 
bclonff. 


RULES   OF  THE   AMERICAN   SOCIETY  OF 
MECHANICAL   ENGINEERS. 


Art.  1.  The  objects  of  the  American  Society  of  Mechanical 
Engineers  are  to  promote  the  Arts  and  Sciences  connected  with 
Engineering  and  Mechanical  Construction,  by  means  of  meetings 
for  social  intercourse  and  the  reading  and  discussion  of  profes- 
sional papers,  and  to  circulate,  by  means  of  publication  among 
its  members,  the  information  thus  obtained. 

Art.  2.  All  persons  connected  with  engineering  may  be  eli- 
gible for  admission  into  the  Society. 

Art.  3.  The  Societ}^  shall  consist  of  Honorary  Members, 
Members,  Associates,  and  Juniors. 

Art.  4.  Honorary  Members,  not  exceeding  twenty-five  in 
number,  may  be  elected.  They  must  be  persons  of  acknowledged 
professional  eminence. 

Art.  5.  To  be  eligible  as  a  Member,  the  candidate  must  be 
not  less  than  thirty  years  of  age,  and  must  have  been  so  con- 
nected with  engineering  as  to  be  competent  as  a  designer  or  as  a 
■constructor,  or  to  take  responsible  charge  of  work  in  his  depart- 
ment, or  he  must  have  served  as  a  teacher  of  engineering  for 
more  than  five  years. 

Note. — The  Rules  of  the  Society,  adopted  in  1880,  -were  in  force  until  1884, 
when  they  received  general  revision  by  a  careful  committee,  whose  report,  dis- 
tributed by  letter  ballot,  was  adopted  November  5,  1884.  In  December,  1894, 
a  similar  extensive  revision  was  made  under  direction  of  the  Council,  and  the 
present  rules  are  those  of  1894.  They  include  the  amendments  made  in  1889, 
1891,  1893,  and  1898,  which  were  the  only  changes  since  the  revision  of  18'<4. 
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Aet.  6.  To  be  eligible  as  an  Associate  the  candidate  must  be 
not  less  than  twenty-six  years  of  age,  and  must  have  the  other 
qualifications  of  a  member ;  or  he  shall  have  been  so  connected 
with  engineering  as  to  be  competent  to  take  charge  of  work,  and 
to  cooperate  with  engineers. 

Aet.  7.  To  be  eligible  as  a  Junior,  the  candidate  must  have 
had  such  engineering  experience  as  will  enable  him  to  fill  a 
responsible  position,  or  he  must  be  a  graduate  of  an  engineering 
school. 

Aet.  8.  All  Honorary  Members,  Members,  and  Associates 
shall  be  equally  entitled  to  the  privileges  of  membership.  Jun- 
iors shall  not  be  entitled  to  vote,  nor  to  be  officers  of  the 
Society. 

Aet.  9.  Nominees  for  Honorary  Membership  must  be  pro- 
posed by  at  least  five  Members  who  are  not  ofiicers  of  the 
Society.  References  shall  not  be  required  of  a  nominee  for 
Honorar}'  Membership,  but  the  grounds  upon  which  the  appli- 
cation is  made  must  be  fully  set  forth  in  writing  and  signed  by 
the  proposers. 

Aet.  10.  A  candidate  for  admission  to  the  Society,  as  a 
Member  or  as  an  Associate,  must  make  an  application  on  a  form 
to  be  prepared  by  the  Council,  'which  shall  contain  a  written 
statement  giving  a  complete  account  of  his  engineering  experience 
and  an  agreement  that  he  will,  if  elected,  conform  to  the  laws, 
rules,  and  requirements  of  the  Society.  He  must  refer  to  at 
least  five  Members  or  Associates  to  whom  he  is  personally 
known.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  an  application  on  the  same  form,  and  refer  to  not 
less  than  three  Members  or  Associates  to  whom  he  is  personally 
known. 

Applications  for  membership  from  engineers  who  are  not 
resident  in  the  United  States  and  Canada,  and  who  may  be  so 
situated  as  not  to  be  personally  known  to  five  Members  of  the 
Society,  as  required  in  the  foregoing  paragraph,  may  be  recom- 
mended for  ballot  by  five  Members  of  the  Council,  after  sufficient 
evidence  has  been  secured  which  shall  show  that  in  their  opinion 
the  applicant  is  worthy  of  admission  to  the  grade  which  he 
seeks. 

Aet.  11.  The  referees  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
on  a  form  to  be  prepared  by  the  Council,  setting  forth  in  detail 
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such  information,  personally  known  by  the  referee,  as  shall  en- 
able the  Council  to  arrive  at  a  proper  estimate  of  the  eligibility 
of  the  candidate  for  admission  to  the  Society.  Such  confidential 
communications  shall  be  destroyed  by  the  Secretary  as  soon  as 
the  vote  has  been  officially  declared. 

Akt.  12.  All  applications  for  membership  must  be  presented 
to  the  Council,  and  tliis  body  shall  consider  each  application, 
assigning  to  each,  with  the  applicant's  consent,  the  grade  in 
the  Society  to  which,  in  its  opinion,  his  qualifications  entitle  him. 
The  names  of  those  candidates  recommended  for  election  by  the 
Society  shall  be  immediately  printed  on  a  ballot,  and  the  ballot 
mailed  at  once  by  the  Secretary  to  each  voting  member  of  the 
Society.  Persons  desiring  to  change  their  grade  of  membership 
from  junior  to  associate  or  from  associate  to  member  shall  make 
an  application  in  the  same  manner  and  on  the  same  form  as  that 
required  for  a  new  applicant. 

Art.  13.  A  member  entitled  to  vote  may  leave  the  name  of 
any  candidate  on  the  ballot  untouched  to  vote  in  favor  of  the 
admission  of  the  candidate  to  the  Society,  or  he  ma^^  erase  the 
name  to  vote  against  it.  He  shall  enclose  the  ballot  so  approved 
by  him  in  a  sealed  blank  envelope,  and  enclose  this  envelope  in  a 
second  envelope,  on  which  he  shall  write  his  name,  and  mail  the 
same  to  the  Secretary  of  the  Society.  A  ballot  without  such 
endorsement  shall  be  rejected  as  defective.  The  rejection  of  a 
candidate  by  seven  voters  shall  defeat  his  election. 

Art.  14.  The  aforesaid  envelopes  containing  the  ballots  shall 
be  opened  by  the  Council,  at  any  meeting  thereof,  and  the  names 
of  those  elected  shall  be  announced  in  the  next  meeting  of  the 
Society.  The  names  of  applicants  not  elected  shall  not  be  an- 
nounced, nor  recorded  in  the  proceedings. 

Art.  15.  Endorsers  of  any  applicant  not  elected  may,  within 
three  months  after  such  failure  to  be  elected,  lay  before  the 
Council  written  evidence  that  an  error  was  then  made.  The 
Council  may  then,  by  a  three-fourths  vote,  order  another  similar 
ballot  by  the  Society,  in  which  case  thirteen  negative  votes  shall 
be  required  to  defeat  the  candidate. 

Art.  16.  Honorary  members  shall  be  elected  by  the  unanimous 
vote  of  the  Council,  through  a  letter  ballot,  not  less  than  sixty 
days  subsequent  to  the  proposal,  a  notice  of  which  proposed  elec- 
tion shall  have  been  mailed  at  once  by  the  Secretary  to  each 
member  of  the  Council. 
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Art.  17.  Each  person  elected,  excepting  honorary  members, 
must  subscribe  to  the  Eules  of  the  Society,  and  pay  the  initiation 
fee  before  he  can  receive  a  certificate  entithng  him  to  the  rights 
and  privileges  of  the  Society,  and  to  wear  the  emblem  appropriate 
to  his  grade.  If  this  pa^nnent  is  not  made  within  six  months  of 
the  election,  the  same  shall  be  void,  unless  the  time  is  extended  bj' 
the  Council.  The  emblems  of  each  grade  of  membership  shall  be 
worn  by  those  only  who  belong  to  that  grade. 

Art.  18.  The  initiation  fee  of  a  member  or  an  associate  shall 
be  twenty-five  dollars,  and  the  annual  dues  shall  be  fifteen  dol- 
lars, paj'able  in  advance.  The  initiation  fee  of  a  junior  shall  be 
fifteen  dollars,  and  his  annual  dues  ten  dollars,  payable  in  ad- 
vance. A  junior  being  promoted  to  any  other  grade  of  member- 
ship shall  pay  an  additional  initiation  fee  of  ten  dollars.  Any 
member  or  associate  may  become  a  Life  Member  in  the  same 
grade,  by  the  payment  of  two  hundred  dollars  at  one  time,  and 
shall  not  be  liable  thereafter  to  annual  dues. 

The  Council  shall  have  the  power,  for  special  reasons,  by  unani- 
mous vote,  through  a  letter  ballot,  to  admit  to  life  membership, 
without  the  pa^nnent  of  the  sum  above  named,  such  person  as  for 
a  long  term  of  \'ears  has  been  a  member  or  an  associate,  when 
such  a  procedure  would  in  its  judgment  be  for  the  best  interests 
of  the  Society ;  provided,  that  notice  of  such  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council. 

Art.  19.  Any  member  of  the  Society  in  arrears  vaa.y,  at  the 
discretion  of  the  Council,  be  deprived  of  the  publications  of  the 
Society,  or,  when  in  arrears  for  one  yeai',  he  ma}'  be  stricken  from 
the  list  of  members.  Such  person  may  be  restored  to  the  privi- 
leges of  membership  by  the  Council  on  payment  of  all  arrears. 

Art.  20.  The  affairs  of  the  Society  shall  be  managed  by  a  Coun- 
cil, consisting  of  a  President,  six  Vice-Presidents,  nine  Managers, 
and  a  Treasurer,  who  shall  also  be  the  Trustees  of  the  Societj^ 

All  past  (ex)  Presidents  of  the  Society,  while  they  retain  their 
membership  therein,  shall  be  known  as  Honorary  Councillors,  and 
shall  be  entitled  to  receive  notices  of  all  meetings  of  the  Council 
and  may  take  part  in  any  of  its  deliberations ;  they  shall  be  en- 
titled to  vote  upon  all  questions  except  such  as  afifect  the  legal 
rights  or  obligations  of  the  Society  or  its  members. 

Art.  21.  The  members  of  the  Council  shall  be  elected  from 
among  the  members  and  associates  of  the  Society  at  the  annual 
meetings,  and  shall  hold  office  as  follows  : 
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The  President  and  the  Treasurer  for  one  year  ;  and  no  person 
shall  be  eligible  for  immediate  re-election  as  President  who  shall 
have  held  that  office  for  two  consecutive  years ;  the  Yice-Presi- 
dents  for  two  years,  and  the  Managers  for  three  years ;  and  no 
Vice-President  or  Manager  shall  be  eligible  for  immediate  re-elec- 
tion to  the  same  ofBce  at  "the  expiration  of  the  term  for  which  he 
Avas  elected. 

Aet.  22.  A  Secretary,  who  shall  be  a  member  of  the  Society, 
shall  be  appointed  for  one  year  by  a  majority  of  the  members  of 
the  Council  at  its  first  meeting  after  the  annual  election,  or  as 
soon  thereafter  as  the  votes  of  a  majority  of  the  merabei's  of  the 
Council  can  be  secured  for  a  candidate.  The  Secretary  may  be 
removed  by  a  vote  of  twelve  members  of  the  Council,  at  any 
time  after  one  month's  notice  has  been  given  him  by  a  majority 
of  its  members  to  show  cause  why  he  should  not  be  removed, 
and  he  has  been  heard  to  that  effect.  The  Secretary  may  take 
part  in  any  of  the  deliberations  of  the  Council,  but  shall  not 
have  a  vote  therein.  His  salary  shall  be  fixed  for  the  time  he 
is  appointed  by  a  majority  vote  of  the  Council. 

Aet.  23.  At  each  annual  meeting,  a  President,  three  Vice- 
Presidents,  three  Managers,  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  of  each  shall  continue  until  the  end  of 
the  meeting  at  which  their  successors  are  elected. 

Aet.  24.  The  duties  of  all  officers  shall  be  such  as  usually 
pertain  to  their  offices  or  may  be  delegated  to  them  by  the 
Council  or  by  the  Society.  The  Council  may,  in  its  discretion, 
require  bonds  to  be  given  by  the  Treasurer. 

Aet.  25.  The  Council  may,  by  vote  of  a  majority  of  all  its 
members,  declare  the  place  of  any  officer  vacant,  on  his  failure 
for  one  year,  from  inability  or  otherwise,  to  attend  the  Council 
meetings,  or  to  perform  the  duties  of  his  office.  All  such  va- 
cancies and  those  occurring  by  death  or  resignation  shall  be 
filled  by  the  appointment  of  the  Council,  and  any  person  so 
appointed  shall  hold  office  for  the  remainder  of  the  term  for 
which  his  predecessor  was  elected  or  appointed ;  promded,  that 
the  said  appointment  shall  not  render  him  ineligible  at  the  next 
annual  meeting. 

Akt.  26.  Five  members  of  the  Council  shall  constitute  a  quo- 
rum. Members  of  the  Council  absent  from  a  meeting  may  vote  by 
letter  upon  subjects  stated  in  the  call  for  the  meeting,  said  vote 
to  be  deposited  with  the  Secretary. 
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Art.  27.  The  President  on  assuming  oflBce  shall  appoint  a 
Finance  Committee  and  a  Publication  Committee  and  a  Library 
Committee  of  five  members  each.  The  appointment  of  two 
members  of  each  Committee  shall  expire  at  the  end  of  each 
year.  The  Secretary  shall,  ex  officio,  be  a  member  of  all  three 
committees. 

Art.  28.  The  Finance  Committee  shall  have  power  to  order  all 
ordinary  or  current  expenditures,  and  shall  audit  all  bills  therefor. 
No  bill  shall  be  paid  except  upon  their  audit.  When  special  ap- 
propriations are  ordered  by  the  Society,  they  shall  not  take  effect 
until  they  have  been  referred  to  the  Council  and  Finance  Com- 
mittee in  conference. 

Art.  29.  It  shall  be  the  duty  of  the  Publication  Committee  to 
receive  all  papers  contributed,  and  to  decide  upon  which  papers 
or  parts  of  the  same  shall  be  presented  at  the  professional  meet- 
ings of  the  Society.  They  shall  see  that  all  editorial  revisions  of 
the  proceedings,  papers,  discussions,  and  reports  are  made ;  and 
to  decide  what  parts  of  the  same  shall  be  published  in  the  pro- 
ceedings of  the  Society.  The  Council  ma}^  at  its  discretion, 
revise  any  action  of  the  Publication  Committee. 

Art.  30.  It  shall  be  the  duty  of  the  Library  Committee  to  take 
charge  of  the  collection  of  all  material  for  the  Library  of  the 
Society,  and  to  supervise  all  regulations  for  its  use. 

Art.  31.  At  the  regular  meeting  preceding  the  annual  meet- 
ing a  Nominating  Committee  of  five  members,  not  officers  of  the 
Society,  shall  be  appointed,  and  this  committee  shall,  at  least 
thirt}'  days  before  the  annual  meeting,  send  to  the  Secretary  the 
names  of  nominees  for  the  offices  falling  vacant  under  the  rules. 
In  addition  to  such  regularly  appointed  committee,  an}''  other  five 
members  or  associates,  not  in  arrears,  may  constitute  an  inde- 
pendent Nominating  Committee,  and  may  present  to  the  Secre- 
tary, at  least  thirty  days  before  the  annual  meeting,  all  the  names 
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nothing  to  distinguish  them  from  the  nominees  of  the  regular 
committee,  and  the  Secretary  shall  at  once  mail  the  said  list  of 
names  to  eacli  member  and  associate  in  the  form  of  a  letter  ballot, 
it  being  understood  that  the  assent  of  the  nominees  shall  have 
been  secured  in  all  cases. 

Art.  32.  In  the  election  of  Vice-Presidents,  each  member  and 
associate  may  cast  as  many  votes  as  there  are  Vice-Presidents 
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to  be  elected.  He  may  give  all  these  votes  to  one  candidate,  or 
distribute  them  among  more,  as  he  chooses.  Managers  shall  be 
voted  for  in  the  same  way. 

Art.  33.  Any  member  or  associate  entitled  to  vote  may  vote 
by  retaining  or  changing  the  names  on  said  list,  leaving  names 
not  exceeding  in  number  the  oificers  to  be  elected,  and  returning 
the  list  to  the  Secretary — -such  ballot  enclosed  in  two  envelopes, 
the  inner  one  to  be  blank  and  the  outer  one  to  be  endorsed  by 
the  voter.  JTo  member  or  associate  in  arrears  since  the  last 
annual  meeting  shall  be  allowed  to  vote  until  said  arrears  shall 
have  been  paid. 

Aet.  34.  The  said  blank  envelopes  shall  be  opened  by  tellers 
at  the  annual  meeting,  and  the  person  who  shall  have  received 
the  greatest  number  of  votes  for  the  several  offices  shall  be  de- 
clared elected. 


Art.  35.  The  annual  meeting  of  the  Society  sliall  be  held  on 
the  first  Tuesda\'^  in  December  of  each  year,  in  the  City  of  New 
Tork,  unless  otherwise  ordered,  at  which  a  report  of  proceedings 
and  an  abstract  of  the  accounts  shall  be  furnished  by  the  Coun- 
cil. The  Council  may  change  the  place  of  the  annual  meeting, 
and  shall,  in  that  case,  give  timely  notice  to  members  and  asso- 
ciates. 

Art.  36.  Other  regular  meetings  of  the  Society  shall  be  held 
in  each  year  at  such  time  and  place  as  the  Council  may  appoint. 
At  least  thirty  days'  notice  of  all  meetings  shall  be  mailed  by  the 
Secretary  to  members,  honorary  members,  associates,  and  juniors. 

Art.  37.  Special  meetings  may  be  called  whenever  the  Council 
may  see  fit ;  and  the  Secretary  shall  call  a  special  meeting  at  the 
written  request  of  twenty  or  more  members.  The  notices  for 
special  meetings  shall  state  the  business  to  be  transacted,  and  no 
other  shall  he  entertained. 

Art.  38.  Any  member,  honorary  member,  or  associate,  may  in- 
troduce a  stranger  to  any  meeting ;  but  the  latter  shall  not  take 
part  in  the  proceedings  without  the  consent  of  the  meeting. 

Art.  39.  Every  question  which  shall  come  before  the  Society 
shall  be  decided,  unless  otherwise  provided  by  these  rules,  by  the 
votes  of  a  majority  of  the  members  and  associates  present,  pro- 
vided there  is  a  quorum. 
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Art.  40.  At  any  regular  meeting  of  the  Society  tiiirteen  or 
more  members  and  associates  shall  constitute  a  quorum. 

Aet.  41.  Unless  otherwise  ordered,  papers  shall  be  read  in  the 
order  in  which  their  text  is  received  by  the  Secretary.  Before 
any  paper  appears  in  the  Transactions  of  the  Society,  a  copy  of 
the  paper  shall  be  sent  to  the  author,  and,  so  far  as  possible,  a 
copy  of  the  reported  discussion  shall  be  sent  to  every  member 
who  took  part  in  the  same,  with  requests  that  attention  shall  be 
called  to  any  errors  therein. 

Art.  42.  The  Society  shall  claim  no  exclusive  copyright  in 
papers  read  at  its  meetings,  nor  in  reports  of  discussions,  except 
in  the  matter  of  official  publication  with  the  Societ3''s  imprint,  as 
its  Transactions.  The  Secretary  shall  have  sole  possession  of 
papers  between  the  time  of  their  acceptance  by  the  Publication 
Committee  and  their  reading,  together  with  the  drawings  illus- 
trating the  same ;  and  at  the  time  of  such  reading,  or  as  soon 
thereafter  as  practicable,  he  shall  cause  to  be  printed,  with  the 
authors'  consent,  copies  of  such  papers, ''  subject  to  revision,"  with 
such  illustrations  as  are  rxceded  for  the  Transactions,  for  distribu- 
tion to  the  members  antl  for  the  use  of  technical  newspapers, 
American  and  foreign,  which  may  desire  to  reprint  them  in  whole 
or  in  part.  The  policy  of  the  Society  in  this  matter  shall  be  to 
give  papers  read  before  it  tlie  widest  circulation  possible,  with  the 
view  of  making  the  work  of  the  Society  known,  encouraging 
mechanical  progress,  and  extending  the  professional  reputation 
of  its  members. 

Art.  43.  The  author  of  each  paper  read  before  the  Society 
shall  be  entitled  to  twelve  copies,  if  printed,  for  his  own  use,  and 
all  members  shall  have  the  right  to  order  any  number  of  reprints 
of  papers  at  a  cost  to  cover  paper  and  printing;  provided,  that 
said  copies  are  not  intended  for  sale. 

Art.  44.  The  Society  is  not,  as  a  body,  responsible  for  the  state- 
ments of  fact  or  opinion  advanced  in  papers  or  discussions,  at  its 
meetings ;  and  it  is  understood  that  papers  and  discussions  should 
not  include  matters  relating  to  politics  or  purely  to  trade. 

Art.  45.  These  rules  may  be  amended,  at  any  annual  meeting, 
by  a  two-tliirds  vote  of  the  members  \)ves,eni;  proxnded,  that  writ- 
ten notice  of  tlie  proposed  amendment  shall  have  been  given  at  t 
previous  meeting. 
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The  twenty-second  annual  meeting  of  the  Society,  which  was 
also  its  forty-fourth  convention,  was  held  in  New  York  City,  at 
the  house  of  the  Society  and  its  Library,  No.  12  West  Thirty- 
first  Street,  ojjening  on  Tuesday,  December  3d,  and  adjourning 
on  Friday,  December  6,  1901. 

The  opening  session  was  called  to  order  by  the  President  of 
the  year,  Mr.  Samuel  T.  Wellman  of  Cleveland,  at  nine  o'clock 
in  the  evening,  who  presented  his  address,  entitled  "  Early  His- 
tory of  Oj)eu-Hearth  Steel  Manufacture  in  the  United  States," 
illustrated  with  diagrams. 

The  tellers  required  under  Article  34  of  the  Kiiles,  to  open 
and  count  the  letter  ballots  cast  for  officers  of  the  Society,  were 
appointed  by  the  President  before  adjournment  of  the  meeting. 
After  announcements  by  the  Secretary,  a  recess  was  taken  until 
the  following  morning.  A  light  luncheon  was  served  in  the  col- 
lation room  in  the  basement,  and  the  members  remained  until  a 
late  hour. 

Second  Day.    Wednesday  Morning,  Decembeu  4th. 

The  second,  or  business,  session  of  the  annual  meeting  was 
called  to  order  in  the  morning  at  ten  o'clock.  Registration  of  the 
members  in  attendance  at  the  meeting  had  opened  early  on  the 
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previous  day  and  was  continued  until  the  last  day  of  the  meet- 
ing. The  custom  was  continued,  wliich  has  proved  so  success- 
ful, of  giving  each  line  on  the  official  register  a  consecutive 
number  and  of  issuing  transcripts  from  the  register,  which  con- 
tained the  name  and  corresponding  number.  Each  button  badge 
worn  by  the  member  at  the  meeting  carried  the  number  of  the 
line  of  the  register  on  which  the  name  was  found,  so  that  iden- 
tification and  introduction  were  made  easy  and  definite.  The 
guests  who  registered  were  also  requested  to  give  the  name  of 
the  persons  by  whom  they  were  introduced.  The  numbers  in 
attendance  at  the  New  York  meeting  have  become  so  great  that 
a  reproduction  of  the  register  would  be  a  matter  of  several 
Images,  and  it  is  omitted  from  the  present  record. 

The  registration  of  members  aggregated  519,  and  the  invited 
guests  brought  the  total  registration  ujd  to  745. 

The  first  order  of  business  at  the  annual  meeting  was  the 
Report  of  the  Tellers  appointed  the  previous  evening  to  count 
the  ballot  for  officers.  The  Secretary  read  their  report  as  fol- 
lows : 

December  4,  1901. 

Tom-  committee,  appointed  as  tellers  of  election  to  sort  and  count  the  ballots 
for  officers  of  the  American  Society  of  Mechanical  Engineers  for  the  year  1901- 
1902,  submit  the  following  report  ; 

Total  number  of  ballots  ca.st 632 

"  "  rejected  on  account  of  irregularities 17 

"  "  of  ballots  counted 605 

Of  the  latter  number,  votes  were  counted  as  follows  : 

For  President. 
Edwin  Reynolds 605 

For  Treasurer. 
William  H.  Wiley _ 604 

For   Vice-Presidents. 

Wilfred  Lewis 604 

M.  E.  Cooley 606 

M.  P.  Higgins 602 

R.  H.  Soule 1 

For  Managers. 

R.  S.  Moore 603 

H.  A.  Gillis 607 

Chas.  H.  Corbett 602 

A.  J.  Pitkin 1 

W^iLLiAM  T.  Bonner,  J  y^^^^,_ 
Horace  B.  Gale,         ' 
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The  President  thereuijon  declared  the  election  of  the  above- 
named  officers,  and  asked  whether  Mr.  Edwin  Reynolds,  Presi- 
dent-elect was  present  in  the  room,  and  if  he  would  accept  the 
office  to  which  the  Society  had  elected  him.  Mr.  Reynolds  on 
signifying  his  acceptance  was  escorted  to  the  platform  by  Messrs. 
Fritz  and  Swasey,  who  were  appointed  a  committee  of  the  Coun- 
cil for  this  purjjose.  Mr.  Wellman  then  introduced  the  new 
President  to  the  Society  as  his  successor,  and  bespoke  for  Mr. 
Reynolds  the  same  courtesy  and  good  will  which  had  been  uni- 
formly shown  to  him  during  his  own  term  of  office. 

The  Secretary  then  read  the  Annual  Report  of  the  Council, 
which  was  in  print,  and  to  which  was  appended  the  Report  of 
the  Finance  Committee  of  cash  transactions  of  the  Society  dur- 
ing the  year  and  the  Report  of  the  Library  Association. 

ANNUAL    REPORT   OF   THE   COUNCIL. 

The  Council  would  present  to  the  Society,  convened  for  its 
twenty-second  annual  meeting,  the  report  of  business  which  has 
been  considered  by  it,  and  of  action  which  has  been  taken 
during  the  year. 

At  the  first  meeting  of  the  Council  for  the  current  Society 
year,  in  December,  1900,  a  special  committee  of  three  was 
ordered  who  should  consider  with  the  secretary  the  advisability 
of  extending  the  usefulness  of  the  secretary's  office  to  the 
Society  and  its  work.  As  the  result  of  the  deliberations  of  this 
committee,  the  Council  approved  a  policy  looking  to  a  more 
active  canvass  for  desirable  papers  to  be  read  at  the  meetings, 
and,  further,  that  certain  directions  of  work  should  be  pursued 
with  more  vigor.  To  carry  out  these  suggestions,  it  was  ordered 
that  an  additional  assistant  should  be  furnished  to  the  secretary, 
who  should  be  an  educated  mechanical  engineer,  and  who  should 
enter  the  office  to  supplement  the  work  which  has  been  so 
effectively  done  by  the  staff  in  the  employ  of  the  Society  up  to 
this  time.  The  choice  for  this  officer  fell  upon  Mr.  Arthur  L. 
Rice,  who  began  his  duties  just  previous  to  the  spring  meeting  of 
1901.  It  was  the  opinion  of  the  Council  that  there  were  advan- 
tages connected  with  the  more  frequent  issue  of  the  Employers' 
Bulletin  than  had  hitherto  been  made,  and  that  there  were 
directions  in  which  the  Society's  librarj'  could  be  made  useful 
to  the  members,  if  there  was  continuously  on  duty  at  the  Society 
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house  a  person  competent  to  make  references,  and  prepare 
abstracts  and  similar  work,  which  could  be  done  at  the  request 
of  non-resident  members  in  the  library  of  the  Societ3^  In  the 
redistribution  of  responsibility  in  the  secretary's  office,  certain 
duties  which  had  grown  upon  the  hands  of  the  Society's  account- 
ant were  transferred,  in  order  that  the  necessity  for  overtime 
work  might  be  somewhat  removed  during  periods  of  the  Society 
year  when  pressure  of  work  is  particularly  insistent. 

The  Council  has  passed  resolutions  of  thanks  to  the  Societies 
in  Great  Britain  and  France,  to  whose  courtesy  the  Society  was 
indebted  during  the  visit  of  the  American  engineers  to  the 
Exposition  of  1900,  and  these  resolutions  have  been  handsomely 
illuminated  and  transmitted  to  the  transatlantic  societies.  The 
Council  has  also  expressed  to  Mr.  H.  H.  Suplee,  who  acted  as  a 
secretary  for  the  committee  during  the  stay  of  the  American 
engineers  in  England,  a  hearty  vote  of  thanks  for  all  that  he  was 
enabled  to  do. 

It  has  been  referred  to  a  committee  of  the  Council  to  consider 
and  formulate  a  plan  for  the  holding  of  reunions  of  members  of 
the  Society  in  the  Society  House  intermediate  between  the 
regular  semi-annual  meetings.  This  committee  has  made  no  defi- 
nite report  at  this  time  by  reason  of  the  fact  that  the  action  of 
the  committee  would  necessarily  be  conditioned  upon  the  action 
of  the  Societ}'  in  the  matter  of  increasing  the  revenues. 

In  view  of  the  demand  made  upon  the  'Society  to  meet  the 
financial  obligation  entailed  by  the  installation  of  the  heating 
and  ventilating  apparatus,  authority  was  given  to  the  Finance 
Committee  to  borrow  the  necessary  money  through  the  usual 
channels.  This  step  was  taken  by  the  committee  in  the  form  of 
paying  for  the  heating  apparatus  out  of  the  income,  and  giv- 
ing a  note  to  the  Society's  printer  for  the  payment  which  it 
had  incapacitated  itself  to  make  by  reason  of  this  expendi- 
ture. 

The  Society  has  expressed  its  willingness  to  cooperate  with  tlie 
Verein  Deutscher  Ingeuieure  of  Germany  in  the  preparation  of 
a  technical  dictionary  which  that  body  j^roposes  to  issue.  The 
oifer  has  been  of  cooperation  in  the  matter  of  technical  or  expert 
knowledge  under  the  provision  that  by  making  this  tender  the 
Society  assumes  no  obligations  for  financial  outlay. 

The  Cotmeil  has  considered  a  proposition  to  amv,nd  its  Rules, 
whereby  a  greater  proportion  of  the  voting  membership  should 
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be  required  in  order  to  bring  about  the  defeat  of  a  candidate 
seeking  election  to  membership..  The  practice  of  this  Society 
is  at  present  much  more  rigid  than  that  of  the  sister  Societies 
in  England  or  the  Continent,  in  requiring  only  seven  negative 
votes  to  defeat  an  election.  The  report  of  a  committee  of  the 
Council  making  a  i-ecommendation  in  this  direction  is  lying 
upon  the  table  of  the  Council,  but  has  not  received  favorable 
action. 

The  most  important  subject  which  has  been  before  the  atten- 
tion of  the  Council  during  the  current  year  has  been  the  con- 
sideration of  the  financial  problem  confronting  the  Society.  An 
investigation  brought  about  the  fact  that  the  average  age  at 
which  the  present  eighty-eight  life  members  had  taken  their  life 
membership  would  be  forty-five  years.  A  trust  and  annuity 
company  would  only  give  a  return  of  $15  per  annum  for  an 
investment  of  $223.44.  It  was  therefore  apparent  that  at  $200, 
the  life  membership  fee  was  too  low  if  the  annual  dues  were 
$15.  The  Council  has  also  considered  exhaustively  a  series 
of  tables  representing  the  expenditure  made  by  the  Society  per 
member,  and  the  average  receipt  in  dues  from  the  members  of 
all  classes.  This  investigation  developed  the  fact  that  the  return 
to  the  membership  from  the  Society  represented  a  sum  in  excess 
of  that  which  they  paid  for  dues.  It  was,  therefore,  a  question 
for  the  Council  to  consider  whether  it  was  the  better  policy  to 
restrict  and  reduce  the  return  to  members  in  publications  and 
otherwise,  and  at  the  same  time  to  efiect  a  more  considerable 
economy  in  management,  so  that  the  outgo  per  member  should  be 
reduced  below  the  amount  received  from  him,  with  the  attend- 
ant lowering  of  standard  in  all  respects  in  which  the  Society 
makes  a  return  for  dues.  The  other  policy,  which  would 
obviously  be  necessary  if  the  Society  was  to  move  forward 
in  the  matter  of  its  standing  before  the  community  and  the 
visible  return  to  members  for  their  expenditure,  would  involve 
an  increase  in  the  dues  which  each  member  was  to  contribute. 
It  was  the  unanimous  opinion  of  the  Council  that  the  best 
interests  of  the  Society  would  be  secured  by  a  forward  move- 
ment rather  than  by  a  retrograde.  If  the  Council  was  to  give 
any  consideration  to  the  question  of  more  complete  and  ade- 
quate accommodation  for  its  library  and  auditorium  with  the 
present  grade  of  expenditure,  it  would  obviously  be  also  neces- 
sary to  increase  the  return  from  the   membership.     In  view  of 
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these  considerations,  after  long  discussion  it  was  decided  to 
present  an  amendment  to  the  Rules,  which  should  propose  an 
increase  of  annual  dues  in  all  grades ;  and  under  the  require- 
ments of  the  Rules  with  respect  to  siTch  amendments,  a  written 
notice  was  presented  at  the  Milwaukee  meeting  of  May,  1901. 
Later  in  the  year,  by  direction  of  the  Council,  the  secre- 
tary sent  out  to  all  members  a  circular  in  the  following 
form  : 

SUGGESTED  INCEEASE  OF  DUES. 
Dear  Sm  : 

The  amount  of  the  dues  in  this  Society  in  its  various  grades  is  specified  in  the 
Rules,  so  that  any  change  in  the  amount  in  these  dues  becomes  a  change  in  the 
Rules,  and  is  to  be  treated  according  to  the  provisions  of  that  instrument,  which 
are  contained  in  Article  XLV.  This  article  provides  that  a  two-thirds  vote  of  the 
members  present  at  any  annual  meeting  may  order  such  amendment,  provided 
that  written  notice  of  the  proposed  amendment  shall  have  been  given  at  a  pre- 
vious meeting.  In  accordance  with  this  provision  a  written  notice  was  presented 
at  the  Milwaukee  meeting  of  May,  1901.  that  a  motion  to  increase  the  rate  of  the 
annual  dues  would  be  presented  at  the  December  annual  meeting.  This  circular 
is  issued  to  give  an  opportunity  for  due  consideration  of  the  questions  involved 
in  such  increase  in  the  dues,  before  the  question  comes  up  for  a  vote  in  the  con- 
stitutional way  at  the  annual  meeting  ;  the  question  is  considered  of  sufficient 
importance  to  demand  that  every  member  should  give  the  necessary  attention  to 
it.  While  a  formal  letter-ballot  is  not  provided  under  the  Rules,  yet  an  expres- 
sion of  opinion  from  the  entire  membership  would  be  a  very  serviceable  guide  to 
the  actual  voting  assembly  at  the  proper  time. 

The  proposed  amendment  providing  an  increase  in  the  dues  was  presented  by 
direction  of  the  Council,  after  that  body  had  given  careful  consideration  to  the 
broad  questions  involved  in  such  a  measure.  It  is  the  opinion  of  the  Council  that 
the  fullest  presentation  should  be  made  of  the  considerations  which  have  influ- 
enced it  in  giving  a  favorable  sanction  to  a  proposition  of  this  character,  both  in 
order  that  these  considerations  shall  be  a  matter  of  record  on  the  one  hand,  and, 
furthermore,  so  that  every  one  may  be  fully  informed.  These  considerations 
may  be  summarized  as  follows  ; 

I. 

The  Transactions  of  the  Society,  bound  in  an  annual  volume,  constitute  the 
principal  return  which  the  greater  number  of  members  of  the  Society  receive, 
whose  residence  may  be  at  such  a  point,  or  whose  business  may  be  of  such  char- 
acter, as  to  preclude  their  active  participation  in  the  semi-annual  conventions. 
It  is  obvious  that  the  wider  the  range  of  professional  subjects  included  in  this 
volume,  and  the  higher  their  grade,  the  more  valuable  is  this  return.  A  very 
considerable  proportion  of  the  annual  dues  goes  directly  to  the  preparation  of  this 
volume,  to  which  must  be  added  a  very  considerable  indirect  expense.  The 
printing,  the  engraving,  the  paper  and  press  work,  binding,  the  pamphlet  copies 
(printed  in  advance  of  the  meetings,  and  the  later  issue  of  pamphlets  which  con- 
tain the  discussions),  are  obviously  expenses  of  the  direct  class.  The  salary  of 
the  secretary  and  of  the  required  office  staff ;  the  fees  of  the  stenograjiher  at  the 
meetings  ;  the  rental  of  convention  halls  at  which  the  papers  are  read,  at  points 
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outside  of  New  York  City,  represent  expenditure  of  the  indirect  class.  A  care- 
ful tabulation  of  tbe  direct  cost  of  recent  volumes,  prepared  at  the  request  of  the 
Finance  Committee,  is  as  follows  : 

Vol.  18  |6.10  per  copy. 

Vol.  19 5.14 

Vol.  20 6.63 

Vol.  21 6.18 

The  larger  size,  and  therefore  the  increased  cost  and  value  of  Volume  XXII.  for 
the  year  1901.  will  make  its  cost  proportionately  greater  than  its  predecessors 
and  will  raise,  therefore,  the  figure  for  direct  cost.  It  will  be  observed  that  with 
the  present  rate  of  dues  for  Junior  Members  t|110),  the  amount  available  for  the 
indirect  expenses,  which  are  much  the  greater  proportion,  is  less  than  one-half 
the  amount  of  their  dues. 

II. 

It  is  the  wish  of  the  Council  that  the  value  to  the  members  of  theirannual  volume 
of  Transactions  should  be  increased  rather  than,  that  by  seeking  measures  of 
economy,  that  returu  should  be  diminished.  This  would  appear  to  be  the  wiser 
as  well  as  the  more  generous  policy,  because  the  quality  of  the  Transactions 
determines  in  a  very  large  part  the  standing  of  the  Society,  both  in  America  and 
abroad.  While  the  methods  of  producing  the  publications  of  the  Society  are 
possibly  not  tbe  most  economical  that  could  be  devised,  a  reduction  of  cost  would 
be  secured  by  a  sacrifice  of  efficiency.  It  would  be  possible  to  have  the  papers 
read  at  the  meetings  from  manuscript  only,  instead  of  having  them  printed  com- 
plete in  advance  and  distributed  ;  if  this  were  done  it  would  not  be  necessary  to 
pay  for  the  composition  of  practically  the  entire  half  of  the  volume  before  the 
meeting,  and  keep  the  type  standing  until  the  necessary  discussion  can  be 
arranged  in  its  proper  place  in  connection  with  each  paper.  Or,  an  economy 
could  be  secured  by  printing  the  advance  copies  of  the  papers,  sent  to  all  mem- 
bers at  present,  in  a  very  much  smaller  edition,  so  as  to  supply  only  those  at- 
tending a  meeting,  and  let  the  rest  of  the  membership  wait  until  the  volume 
could  be  distributed,  as  was  formerly  done.  Or,  an  economy  could  be  effected 
by  diminishing  the  extent  and  quality  of  the  illustrations  of  the  papers.  Or,  the 
tbe  members  could  be  charged  for  pamphlets  furnished  them  instead  of  the  pres- 
ent more  generous  policy  of  allowing  the  members  to  have  such  small  supplies 
of  the  various  papers  as  they  need  for  their  professional  use.  without  charge. 
It  is  the  conviction  of  the  Council  that  a  plan  for  reducing  the  return  to  the 
members  in  any  of  these  forms  would  be  a  step  backward,  and  would  not  be 
generally  received  with  favor.  It  will  be  apparent,  however,  from  the  later  dis 
cussion,  that  unless  the  dues  are  to  be  raised,  some  or  all  of  these  steps  will  have 
to  be  taken. 

III. 

The  Society  has  been  issuing  twice  a  year  its  Catalogue  and  List  of  Members 
in  two  forms  at  each  issue.  The  semi-annual  issue  is  to  enable  tbe  Society's  list 
to  embody  the  entire  list  of  additions  to  the  Society  at  each  meeting,  by  the  usual 
process  of  election,  and,  further,  to  make  the  catalogue  as  nearly  correct  in  the 
matter  of  addresses  as  possible.  The  use  of  the  larger  or  alphabetical  catalogue 
by  the  members  of  the  Society  who  are  in  business  would  seem  to  justify  the 
present  method.  If,  however,  an  economy  is  desired,  it  can  be  secured  by  letting 
the  catalogue  go  for  a  year,  with  an  appendix  after  the  spring  meeting,  which 
shall  contain  the  additions  and  corrections.     Any  who  have  had  experience  w.i*'' 
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this  sort  of  thing  will  appreciate  at  once  the  confusion  and  awkwardness  of  it, 
but  the  present  arrangement  is  not  as  economical  as  the  alternative  would  be. 
The  smaller,  or  vest-pocket  edition  has  been  greatly  appreciated  by  that  propor- 
tion of  the  membership  who  have  occasion  to  make  use  of  their  list  when  travel- 
ling and  otherwise.  If  economy  must  be  practised,  the  issue  of  the  vest-pocket 
edition  could  be  cut  off.  The  systems  of  registration  at  the  conventions  which 
have  been  so  much  approved  have  cost  much  money,  and  an  economy  could  be 
effected  by  abandoning  them.  The  elaborate  "  professional  service"  sheets  in 
connection  with  the  balloting  for  members  have  been  serviceable,  but  expensive. 
They  could  be  discontinued  if  economy  is  desired. 

IV. 

The  volume  of  Transactions,  however,  and  the  membership  list  as  a  profes- 
sional directory,  do  not  constitute  the  only  return  which  members  receive  for 
their  dues.  While  a  part  of  the  return  is  capable  of  being  expressed  in  figures, 
there  is  an  imponderable  value  which  attaches  to  membership  in  a  professional 
organization  of  national  character  which  has  a  creditable  and  distinguished  stand- 
ing in  the  community.  As  a  result  of  the  methods  which  have  prevailed  with 
respect  to  the  election  of  members,  it  has  come  to  be  the  case  that  membership 
in  the  American  Society  of  Mechanical  Engineers  has  a  meaning  as  a  professional 
indorsement  ;  if  the  man  was  not  a  desirable  and  capable  practitioner  of  engi- 
neering he  would  not  have  been  able  to  pass  the  ordeal  of  election.  Furthermore, 
the  Society  at  its  conventions  secures  privileges  in  the  way  of  excursions,  visits 
to  engineering  establishments,  and  social  opportunities,  which  are  open  to  mem- 
bers, and  which  would  not  be  within  the  reach  of  those  who  are  not  connected 
with  the  Society.  Those  who  have  availed  themselves  of  the  privilege,  further- 
more, have  discovered  that  the  officers  of  the  Society  can  render,  both  officially 
and  otherwise,  services  to  the  members  in  the  matter  of  introductions  to  sister 
societies  ;  and  for  the  younger  members,  and  even  for  others,  there  is  a  continual 
interchange,  through  the  Society  channels,  in  bringing  eligible  engineers  in  touch 
with  positions  vacant  in  their  chosen  line. 

It  has  a  value  to  every  member  that  the  Society  to  which  he  belongs  has  a 
headquarters  at  some  certain  point,  which  can  be  used  by  him  as  a  home  or  for 
business  purposes.  It  is  apparent,  therefore,  that  for  the  conduct  of  its  official 
business  the  Society  must  be  officered,  and  must  have  an  adequate  staff  for  its 
accounting  and  other  clerical  business,  of  which,  however,  a  very  considerable 
proportion  may  properly  be  charged  against  the  volume  of  Transactions,  as  an 
indirect  charge  contributing  to  the  expense  of  that  volume  to  the  individual 
member. 

Taking  the  expenditure  of  the  Society  for  the  same  four  years  as  are  covered 
by  the  preceding  table,  and  subtracting  such  expenditure  as  is  not  universal  in 
its  application  to  every  member,  and  dividing  that  total  by  the  number  of  mem- 
bers in  the  Society  for  that  year,  the  totals  attaching  to  each  year  covered  by  the 
corresponding  volume  appear  in  the  tab!e  below,  and  opposite  each  is  placed  the 
average  amount  collected  from  each  member  of  the  Society  : 


Years. 

Volume. 

Coet. 

Average 

Collected  Per  Member 

1896-1897 

18 

$14.64 

$12.79 

1897-1898 

19 

16.37 

12.60 

1898-1899 

20 

16.00 

13.05 

1899-1900 

21 

18.50 

13.03 
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The  expenses  omitted  have  been  those  connected  with  the  purchase  and  main 
tenance  of  the  library  of  the  Society,  repairs,  and  internal  expenses  connected 
with  the  headquarters  of  the  Society,  outside  of  the  mere  office  or  accounting 
room.  It  appears  that  for  the  last  three  years  the  Society  has  not  been  able  to 
meet  its  total  expenditure  from  dues  only.  It  has  only  kept  its  head  above 
water  by  other  sources  of  income,  such  as  sale  of  its  publications  to  outsiders 
and  by  applying  a  portion  of  the  initiation  fees  each  year  to  current  expenses. 
It  is  regarded  as  unsound  financial  policy  to  spend  the  initiation  fees  in  this  way; 
but  the  members  have  been  receiving  from  the  Society  so  much  under  the  present 
system  that  it  has  been  impossible  to  conduct  it  as  it  has  been  conducted  without 
drawing  on  this  fund. 

As  is  shown  by  the  above  table,  either  the  expenditure  of  the  Society  must  be 
curtailed  in  directions  which  would  be  followed  by  a  corresponding  loss  of  effi- 
ciency and  of  the  return  to  each  member,  or  the  dues  paid  by  each  member  must 
be  raised  to  provide  a  fund  from  which  present  indebtedness  may  be  paid,  any 
unusual  demand  may  be  met,  or  any  unusual  opportunity  be  availed  of. 


With  an  increased  return  from  the  members  in  the  matter  of  dues  the  useful- 
ness of  the  Society  and  its  return  to  its  members  would  be  capable  of  being 
increased.  It  is  aside  from  the  present  purpose  to  make  statements  which  might 
appear  to  be  binding  as  a  policy  upon  future  years  ;  but  it  will  be  at  once  apparent 
that  if  the  Council  were  in  a  position  to  expend  larger  sums  each  year  there 
would  be  certain  very  desirable  purposes  for  which  such  expenditure  might  be 
made.  One  of  these  would  be  the  conduct  of  investigations  along  professional 
lines  by  committees  of  experts.  The  foreign  societies  of  engineers  have  laid 
stress  upon  this  detail ;  and  their  dues,  which  are  larger  than  those  of  the  Ameri- 
can society,  have  made  this  step  possible.  A  second  line  of  usefulness  would  be 
the  preparation  and  distribution  of  technical  index  material,  culled  from  sister 
societies  in  this  and  other  countries  and  from  technical  literature  of  all  sorts.  A 
system  of  circulation  among  the  members,  whereby  its  library  could  be  made 
available  to  those  who  might  not  happen  to  be  resident  in  the  neighborhood  of 
the  city  where  it  is  located,  could  be  inaugurated  if  money  was  at  hand  to  be 
expended  for  this  purpose.  The  extent  and  value  of  the  library  itself  could  be 
increased.  There  are  many  other  directions  in  which  money  could  be  expended 
with  profit  were  it  at  hand,  and  which  would  occur  to  various  members. 

VI. 

It  has  been  increasingly  obvious  to  all  who  have  been  present  at  recent  con- 
ventions of  the  Society  in  New  York  City,  and  to  those  who  have  examined  the 
limitations  surrounding  the  Society  library,  that  some  provision  for  more  satis- 
factory housing  of  the  Society  and  its  library  would  have  to  be  considered  before 
long.  The  present  house  has  been  occupied  by  the  Society  for  eleven  years,  and 
has  been  conducted  with  economy  and  a  minimum  staff.  Certain  criticisms  have 
rightly  attached  to  the  management  of  the  Society  incident  to  the  economy  which 
has  been  forced  upon  it  by  the  conditions  of  this  policy.  Whether  or  not  it 
shall  prove  desirable  in  the  near  future  to  alter  and  enlarge  our  present  btiilding 
or  build  anew  and  more  suitable  one,  or  to  enter  into  a  species  of  federation  with 
one  or  more  sister  societies,  or  to  form  some  satisfactory  scheme  of  joint  occu- 
pancy which  shall   not   introduce   the   difficulties   of  joint  ownership,  the  fact 
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remains  that  to  make  any  change  from  the  present  scale  of  expenditure  to  that 
larger  scale  which  the  growth  and  importance  of  the  Society  demands,  must 
make  it  necessary  that  an  increase  in  resources  should  be  secured.  It  the  pride 
of  the  Society  membership  in  its  efficiency,  and  their  interest  in  stimulating  its 
growth  are  as  great  as  the  Council  believes  them  to  be,  the  shortest  road  to 
attain  the  desired  result  would  be  secured  by  such  cooperation  from  the  entire 
membership  as  will  result  in  increasing  the  dues. 

VII. 

The  proposed  amendment  raises  the  annual  dues  of  the  active  or  voting  mem- 
bership, in  both  the  member  and  associate  grades,  from  $15  to  $25,  and  the 
dues  of  juniors  from  $10  to  $15.  It  would,  of  course,  be  possible  to  increase  the 
dues  of  members  and  associates  only  sufficiently  to  meet  all  demands.  It  should 
not  be  overlooked,  however,  that  in  mo.st  respects  the  junior  member  profits  by 
his  membership  to  the  same  extent  as  the  other  grades,  and  that  if  the  propor- 
tionate number  of  junior  members  is  increased  the  expense  limit  will  be  reached 
again,  and  at  an  early  date.  The  junior  members  include  those  who  are  acquir- 
ing their  professional  experience,  and  in  many  ways  the  value  of  the  Society  to 
them  is  very  great.  They  constitute,  furthermore,  an  element  of  strength  to  the 
Society  by  the  gradual  procedure  of  promotion  to  take  the  place  of  the  older 
men.  The  dues  of  the  Institution  of  Civil  Engineers  of  Great  Britain,  whose 
position  in  that  country  is  the  closest  pai'allel  to  that  occupied  by  the  American 
Society  of  Mechanical  Engineers  in  America,  are  four  guineas  a  year.  The 
Council  has  felt  that  it  is  decidedly  a  better  policy  to  raise  the  dues  to  such  a 
point  as  seemed  to  be  indicated  by  the  experiences  and  wisdom  of  the  English 
Society  rather  than  to  adopt  a  policy  of  "tinkering"  with  the  constitution  and 
he  rate  of  dues  at  frequent  intervals.  It  seems  better  to  raise  the  dues  to  the 
point  at  which  they  will  be  likely  to  remain. 

It  is  the  opinion  of  some  members  that  while  the  increase  in  the  annual  rate 
of  dues  may  perhaps  cause  a  limited  number  of  resignations,  the  increased  value 
of  membership  in  the  Society  will  result  in  drawing  to  the  Society  an  increasing 
number  of  engineers  of  desirable  character,  which  will  more  than  offset  the  small 
loss  from  withdrawals  of  those  less  vitally  interested  in  engineering.  When  the 
dues  were  increased  in  1891,  the  loss  of  membership  attributable  to  that  increase 
was  practically  inappreciable.  At  $25  a  year,  the  increase  for  the  members 
would  be  less  than  thrqe  cents  a  day;  and  at  $15  for  the  juniors,  less  than  two 
cents.  It  is  felt  that  to  practising  engineers  of  the  type  represented  in  the 
,  Society  membership  this  increase  is  practically  nothing,  so  far  as  its  restricting 
or  prohibitory  effect  is  concerned. 

The  Council,  having  given  most  careful  consideration  to  the  questions  which 
are  involved  in  this  general  subject,  and  believing  that  the  course  suggested  by 
the  amendment  is  the  best  for  the  interests  of  the  Society — in  which  view  the 
ex-presidents  have  agreed — desires  to  secure  the  benefit  of  your  judgment,  so 
that  it  may  have  due  weight  at  the  meeting.  A  second  issue  of  this  circular, 
nearer  the  date  of  the  annual  meeting,  will  be  made,  which  will  include  a  reply 
blank,  on  which  expressions  of  your  individual  opinion  can  be  formulated,  which 
will  serve  to  guide  the  Council,  in  the  first  place,  as  to  its  action  towards  the 
problem,  and  possibly  serve  as  an  indication  to  the  voting  membership  at  the 
annual  meeting  itself  on  which  side  of  the  question  the  majority  lies.  It  will  be 
apparent  that  the  broad  question  is  that  of  increasing  the  dues,  on  the  one  side. 
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or  of  curtailing  tbe  expenditure  of  tbe  Society  and  reducing  the  benefits  to  its 
membership,  upon  the  other. 

F.  R.  BUTTON, 

•  Secretary. 

It  was  later  decided  at  another  very  large  meeting  of  tbe 
Council,  at  which  this  question  was  further  discussed,  tbat  in 
view  of  the  fact  that  a  letter-ballot  was  not  provided"  specifically 
by  the  Eules  as  a  means  of  ascertaining  the  opinion  of  the  mem- 
bership in  the  matter  of  an  amendment,  that  to  order  such  a 
ballot  would  be  illegal,  and  that  the  expression  of  the  entire 
membership  upon  the  question  of  increasing  the  dues  should 
be  secured  by  another  method.  To  this  end  the  Council,  after 
taking  legal  advice,  directed  the  issue  of  a  circular,  accompanied 
by  a  form  of  proxy,  which  should  be  sent  to  the  entire  voting 
membershiji,  requesting  them  to  express  themselves  upon  the 
subject  by  returning  the  proxy  with  instructions  as  to  the  way 
that  they  would  like  to  have  it  used  by  the  person  whom  they 
should  designate.  The  circular  and  proxy  were  issued  in  the 
following  form  : 

PKOPOSED   INCREASE    IN  DUES   AND    PROXIES. 

Dear  Sir  :  At  the  meeting  of  the  Society  in  Milwaukee,  May,  1901,  under  the 
provisions  of  Article  45  of  tbe  Rules  concerning  amendments,  notice  was  given  of 
the  following  proposed  change  in  the  provisions  of  Article  18  : 

"  Whereas,  a  resolution  has  been  presented  in  the  Council  by  one  of  its  mem- 
bers, looking  to  the  advisability  of  an  increase  in  the  rate  of  the  annual  dues  in 
the  Society,  and  whereas  the  Council  has  given  favorable  consideration  to  this 
proposition, 

"  Notice  is  hereby  given  of  an  amendment  to  be  taken  up  and  considered  at  the 
annual  meeting  in  i)eceraber,  1901,  to  amend  Article  18,  as  follows  ; 

"  The  initiation  fee  of  a  member  or  associate  shall  be  .$25,  and  the  annual  dues 
shall  be  $25,  payable  in  advance.  The  initiation  fee  of  a  junior  shall  be  $1,5. 
and  his  annual  dues  ^15,  payable  in  advance.  A  junior  being  promoted  to  any 
other  grade  of  membership  shall  pay  an  additional  initiation  fee  of  $ilO.  Any 
member  or  associate  may  become  a  life  member,  in  the  same  grade,  by  the  pay- 
ment of  $350  at  one  time,  and  shall  not  be  liable  thereafter  to  annual  dues." 

The  Secretary  of  the  Society,  by  direction  of  the  Council,  issued  a  circular 
letter,  bearing  date  of  September  21,  1901,  in  which  a  presentation  was  made 
of  the  reasons  for  the  proposed  amendment.  It  is  only  right  to  say  that  this 
question  had  been  considered  by  the  Council  a  year  before  it  was  offered  to  the 
membership,  and  was  very  carefully  gone  over  at  a  meeting  held  in  Milwaukee. 
On  October  31,  1901,  another  large  meeting  of  the  Council  was  held,  which  gave 
long  and  full  consideration  to  the  subject,  and  it  was  directed  that  the  issue  of  a 
circular  in  the  name  of  the  undersigned  memljers  of  the  Council,  who  were  pres- 
ent at  the  meeting,  should  inform  the  membership  of  the  results  of  their  delibera- 
tion. 

The  Council  passed  unaiihnousJi/  the  following  resolution  : 
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"  Resolved,  That  it  is  the  opinion  of  the  Council  that  the  proposed  amendments 
to  the  Rules  in  the  form  in  which  they  were  presented  at  the  Milwaukee  meeting 
meet  with  their  hearty  approval,  and  it  is  their  hope  that  these  amendments  may 
be  passed  in  that  form  at  the  next  annual  meeting." 

It  was,  furthermore,  the  opinion  of  the  Council  at  its  meeting  that  an  amend- 
ment of  the  character  in  que.stion  should  be  acted  on  by  the  entire  membership 
if  it  desired  to  do  so.  The  Rules  of  the  Society  do  not  provide  for  a  letter-ballot 
on  an  amendment  to  its  Rules  ;  but  the  general  laws  concerning  incorporated 
organizations  make  provision  for  proxy  voting  of  the  membership  at  iheir  general 
annual  meeting.  In  view,  therefore,  of  the  illegal  and  unconstitutional  character 
of  the  letter-ballot,  the  Council,  upon  legal  advice,  have  directed  that  proxy  blanks 
should  be  sent  to  the  entire  voting  memljership,  with  the  request  that  these  should 
be  signed  in  the  presence  of  one  witness,  and  forwarded  for  presentation  at  the 
annual  meeting,  when  the  question  of  the  amendments  is  up  for  consideration. 
The  undersigned  members  of  the  Council  will  be  glad  to  act  ms  proxies  for  any 
member  who  will  give  instruction  as  to  the  form  in  which  he  desires  to  have  his 
vote  cast.  Stamped  envelope  accompanies  this  circular.  The  proxic=  .should  be 
delivered  to  the  persons  to  whom  they  are  addressed  so  as  to  be  in  New  York  City 
before  10  A.  M.  on  Wednesday,  December  4,  1901. 

The  Council  desires  to  bring  definitely  before  the  voting  membership  the  issue 
to  be  met.     In  brief,  it  is  as  follows  : 

I.  The  present  return  to  members,  in  the  form  of  publications  and  otherwise, 
costs  a  sum  per  annum  greater  than  the  aggregate  sum  received  from  the  mem- 
bers in  dues.  To  maintain  the  present  return  at  the  present  rate  of  dues  is  to  run 
the  Society  in  debt.     It  is  in  debt  now  to  its  printer. 

II.  The  present  expenditure  can  be  curtailed  and  the  dues  kept  at  their  present 
figure  ;  but  this  will  mean  the  abolishment  of  some  of  the  advantages  which  the 
members  now  enjoy.  This  will  be  done,  if  the  majority  of  the  members  prefer 
to  have  it  so.  rather  than  to  raise  the  dues. 

III.  It  is  the  decided  opinion  of  the  Council,  however,  that  the  best  interests 
of  the  Society  will  not  be  served  by  a  policy  of  retrenchment.  The  wiser  course, 
in  its  opinion,  would  be  the  opposite  policy,  or  that  of  advancement.  The  Society 
should  increase  the  number  and  value  of  its  publications  ;  it  should  develop 
its  professional  library  ;  but  even  more  important  than  this,  the  Council  believes, 
the  profession  of  mechanical  engineering,  and  its  own  interests,  and  those  of  its 
members,  would  be  be.st  served  by  putting  the  Society  in  such  position  that  it 
would  have  money  in  its  treasury  for  the  conduct  of  research  and  investigation, 
under  committees  of  competent  members,  who  should  furnish  the  brains  and 
direction  for  such  researches,  while  paid  assistants  and  the  necessary  apparatus 
could  be  provided  from  the  Society's  income.  The  reports  of  such  researches  in 
the  Trnnsactions  would  enhance  their  value,  and  the  Society  would  take  its  posi- 
tion as  the  leading  exponent  of  the  highest  grade  of  professional  achievement. 
Will  the  membership  sanction  this  policy  by  raising  the  dues  for  this  object  ? 
Does  the  membership  at  large  agree  with  the  Council  that  this  broader  policy  is 
the  wise  and  permanent  one?     The  vote  is  really  on  this  question. 

It  goes  without  saying,  that  the  good  judgment  of  the  Council  will  be  pledged 
to  protect  the  Society  from  extravagance  in  management  and  in  method,  whether 
the  dues  are  increased  or  not. 

It  may  be  desirable  to  say  further  that  the  question  of  the  increase  in  the  dues 
is  practically  independent,  for  the  present  at  any  rate,  of  any  question  affecting 
the  headquarters  of  the  Society  and  the  accommodation  of  its  library. 
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The  undersigned  would  add,  furthermore,  that  if  the  proposition  to  increase 
the  dues  for  the  purpose  of  broadening  the  scope  and  usefulness  of  the  Society 
is  not  favorably  entertained  by  a  considerable  majority,  it  will  be  their  opinion 
that  the  time  is  not  ripe  for  the  passage  of  such  amendments  as  are  proposed.  It 
is  therefore  desirable  that  the  Council  sliould  be  informed  just  as  definitely  con- 
cerning favorable  opinion  and  sentiment  with  regard  to  the  amendment,  as  that 
it  should  be  advised  of  adverse  preferences.  Every  member,  for  this  reason,  is 
earnestly  urged  to  make  use  of  the  proxy  and  state  his  opinion,  by  letter  or  other- 
wise, to  the  indieidvnl  ithom  he  selects.  The  vote  at  the  meeting  will  be  taken  by 
ballot  in  order  that  it  may  be  properly  scrutinized  by  tellers. 
Respectfully, 

E.  D.  Leavitt,  Past  President,  1882-1883. 

Henht  R.  To-WNE,  "  '•  1888-1889. 

Obehi.in  Smith,  "  "  1889-1890. 

Robert  VV.  Hunt,  "  •■  1890-1891. 

Chas.  H.  Loring,  ••  ■•  1891-1892. 

Chas.  E.  Billings,  "  "         1895. 

John  Fritz,  "  "  1895-1896. 

Chas.  Wallace  Hdnt.       "  "  1897-1898. 

Chas.  H.  Morgan,  ■  "         1899-1900. 

S.  T.  Wellm-vn,  President,  1900-1901. 

David  Townsend,        '] 

James  M.  Dodge,  I    „      „ 

Jesse  M.  Smith,  \  Vice-Presidents,  1900-1903. 

Ambrose  Swaset,         J 

R.   H.    SOULE,  1 

Francis  H.  Boter,       | 

A.H.RAYNAL,  [Managers,  1900-1903. 

D.  S.  Jacobus, 

Know  all  men  by  these  presents,  That  I , 

of ,  the  State  of , 

do  hereby  constitute  and  appoint 

or  any  one  of  the  said  persons  named,  my  lawful  attorney  and  agent,  for  me,  and 
in  my  name,  place,  and  stead,  to  vote  as  my  proxy  at  the  annual  meeting  of  the 
members  of  the  American  Society  of  Mechanical  Engineers,  to  be  held  on  the 
fourth  day  of  December,  a.d.  1901,  and  at  any  adjournment  of  said  meeting, 
upon  the  following  proposed  amendments  to  the  Rules  of  the  Society  : 

Whereas,  A  resolution  has  been  presented  in  the  Council  by  one  of  its  mem- 
bers, looking  to  the  advisability  of  an  increase  in  the  rate  of  the  annual  dues  in 
the  Society,  and  whereas  the  Council  has  given  favorable  consideration  to  this 
proposition, 

Notice  is  hereby  given  of  an  amendment  to  be  taken  up  and  considered  at  the 
annual  meeting  in  December,  1901,  to  amend  Article  18,  as  follows : 

"  The  initiation  fee  of  a  member  or  associate  shall  be  $25,  and  the  annual  dues 
shall  be  $25,  payable  in  advance.  The  initiation  fee  of  a  junior  shall  be  $15, 
and  his  annual  dues  $15,  payable  in  advance.  A  junior  being  promoted  to  any 
other  grade  of  membership  shall  pay  an  additional  initiation  fee  of  $10.  Any 
meiuber  or  associate  may  become  a  life  member,  in  the  same  grade,  by  the  pay- 
ment of  $350  at  one  time,  and  shall  not  be  liable  thereafter  to  annual  dues." 

Or  upon  any  substitute  or  amendment  that  may  be  offered  thereto,  and  upon  all 
questions,  motions,  resolutions,  and  matters  as  shall  come  before  the  meeting. 
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pertaining  thereto,  as  fully  and  with  the  same  effect  as  I  might  or  could  do  were 
I  personally  present,  hereby  ratifying  and  approving  anything  that  my  said 
attorney  and  agent  may  do  iu  the  premises  ;  and  I  hereby  revoke  any  powers  of 
attorneys  or  proxies  heretofore  given  by  me  to  any  person  or  persons  whomsoever. 

In  witness  whereof,  I  hnve  hereunto  set  my  hand  and  seal  this day 

of A.D.,  1901. 


Signed,  sealed,  and  delivered  in  the  presence  of  (one  witness) 


The  Council  directed,  furthermore,  that  in  view  of  the'  impor- 
tant character  of  the  question,  the  vote  of  the  Society  at  the 
annual  meeting,  on  the  adoption  of  the  proposed  amendments, 
should  be  by  ballot. 

The  Council  has  received  and  considered  a  most  elaborate 
and  detailed  report  from  a  committee  of  the  members  of  the 
Society  resident  iu  eastern  Massachiisetts,  urging  that  the 
Council  should  select  the  city  of  Boston  as  the  place  for  the 
spring  meeting  of  1902.  The  reasons  which  were  advanced  have 
appeared  to  the  Council  to  be  so  cogent,  that  it  has  resolved  to 
hold  the  spring  meeting  of  1902  in  the  city  of  Boston,  pursuant 
to  the  courtesy  of  the  full  arrangements  for  such  a  meeting 
which  have  been  inaugurated  by  the  interested  members. 

The  Council  has  received  from  President  Mansergh,  of  the 
Institution  of  Civil  Engineers  of  Great  Britain,  a  cablegram 
upon  the  death  of  President  McKinley.  By  direction  of  the 
Council,  this  cablegram  and  the  answer  of  the  secretary  to  the 
message  of  sympathy  have  been  spread  in  full  upon  the  minutes 
of  the  Council,  and  are  in  the  following  terms  : 

CABLEGRAM. 

"  Mansergh,  President,  expresses  the  profound  sorrow  and  sincere  sympathy 
of  the  Institution  of  Civil  Engineers  on  the  tragic  death  of  your  honored  chief, 
McKinley." 

REPLY. 

"  To  THE  President  of  the  Institution  of  Ctvil  Engineers. 

' '  The  American  Society  of  Mechanical  Engineers  expresses  witli  profound  ap- 
preciation its  recognition  of  the  courtesy  of  President  Mansergh  of  the  Institution, 
in  sending  a  cablegram  of  sympathy  in  connection  with  the  lamented  death  of 
President  McKinley. 

"  The  feelings  of  all  thoughtful  Americans  at  this  juncture  have  been  so  pro- 
foundly stirred  that  the  thought  of  the  whole  nation  stands  aghast.     The  trans- 
atlantic sympathy,  both  personal  and  official,  has  been  exceedingly  grateful. 
"  Very  truly, 

"  F.  E.  Hutton. 

"  Secretary." 
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The  Society  was  invited  officially  by  the  presideut  of  the 
New  York  University  to  appoint  its  presideut  and  secretary 
as  officials  to  take  part  in  the  unveiling  ceremonies  of  the  tablet 
in  the  Hall  of  Fame  of  New  York  University',  in  memory  of 
Eli  Whitney,  inventor  of  the  cotton-gin.  The  date  for  the  cere- 
monies fell  coincident  with  the  Milwaukee  meeting,  so  that  the 
duty  of  representing  the  Society  was  assigned  by  the  Council 
to  past-Presidents  E.  H.  Thurston  and  Henry  E.  Towne.  A  brief 
address  was  made  by  Professor  Thurston  as  the  share  of  the 
Society  in  the  ceremonies. 

A  committee  of  three,  consisting  of  Messrs.  Towne,  E.  W. 
Hunt,  and  John  Fritz,  has  been  appointed  to  consider  a  propo- 
sition made  in  the  public  press  of  New  Yoi'k  City,  that  the 
monument  to  Mr.  Alex.  L.  Holley,  one  of  the  founders  of  this 
Society,  which  is  now  standing  in  Washington  Park,  in  New 
York,  had  become  inappropriately  placed  by  reason  of  the 
changes  in  that  neighborhood.  The  recommendation  looking, 
to  its  removal  has  been  under  consideration,  but  no  definite 
action  has  been  reported  at  this  time. 

The  Society's  committee  entrusted  with  procuring  funds,  and 
obtaining  the  permission  of  Trinity  Church  Corporation  for  the 
erection  of  a  memorial  to  Eobert  Fulton  in  the  Trinity  church- 
yard. New  York,  has  consummated  its  labors,  and  the  formal 
services  connected  with  the  dedication  of  this  memorial  form 
part  of  the  occurrences  of  the  annual  meeting  of  1901.  The 
Council  have  executed  an  agreement  with  the  Trinit}-  Corpora- 
tion concerning  this  memorial. 

It  has  been  decided  by  the  Council  that  it  could  not  this  year 
assume  the  expenses  of  a  delegate  to  represent  the  Society  at  the 
International  Conference  at  Budapest,  Hungary,  in  September. 
No  action  was  therefore  taken  in  this  matter. 

The  Council  has  also  considered  the  usual  number  of  routine 
applications  for  gifts  of  its  Transadions  to  public  or  endowed 
libraries,  and  has  uniformly  adhered  to  its  decision  that  the 
best  arrangement  for  such  requests  would  be  the  granting  of 
the  iisual  rate  which  is  permitted  to  members  of  the  Society 
buying  the  sets  of  its  Tranmrtions  previous  to  their  election. 

The  Council  has  directed  that  there  should  be  appointed  an 
Executive  Committee  of  its  own  number,  to  consist  of  the  Presi- 
dent and  Secretary  and  three  other  members,  in  each  year,  to 
whom  might  be  referred  questions  to  be  considei'ed  and  acted 
upon  between  the  stated  meetings  of  the  larger  body.  The 
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Executive  Committee  for  tbe  current  year  has  been  Messrs. 
"Wellman,  Huttou,  Warner,  Taylor,  and  Waite. 

The  Council  would  report  for  record  the  deaths  of  the  follow- 
ing members  during  the  Society  j' ear  : 

Louis  I.  Seymour,  June  1-i,  1900;  Mellen  S.  Harlow,  Decem- 
ber 29th  ;  Alex  Henderson,  January  12,  1901 ;  Wm.  McMannis, 
January  19th  ;  E.  C.  Darley,  February  16th ;  Geo.  H.  Starbuck, 
March  7th;  Saml.  W.  Skinner,  May  20th;  Jos.  Hirsch,  Hon- 
orary Member,  June  22d  ;  A.  B.  Tower,  July  Sth  ;  Jas.  F.  Lewis, 
July  23d  ;  E.  G.  Parkhurst,  July  .31st;  Stephen  Greene,  Nov.  7th. 

The  present  membership  iu  the  Society  in  its  various  grades, 
at  the  time  of  this  report,  is  as  follows : 

Houorary  Members 18 

Members 1,615 

Associates 159 

Junior  Members 537 

Total 2,329 

•  Life  Members 96 

The  Council  would  also  present  the  report  of  its  tellers,  ap- 
pointed to  count  the  ballots  cast  for  members  seeking  to  connect 
themselves  with  the  Society  just  previous  to  the  annual  meeting. 
The  report  is  as  follows  : 

REPORT  OP  TELLERS  OF  ELECTION. 

The  undersigned  were  appointed  a  committee  of  the  Council 
to  act  as  tellers,  under  Article  11  of  the  Kules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  the  candidates  projiosed  for 
membership  in  their  several  grades  in  the  American  Society  of 
Mechanical  Engineers,  and  seeking  election  before  the  XLIVth 
meeting,  New  York,  1901. 

They  have  met  upon  the  designated  day  in  the  office  of  the 
Societj',  and  have  jsroceeded  to  the  discharge  of  their  duty.  Tliey 
would  certify,  for  formal  insertion  in  the  records  of  the  Society, 
to  the  election  of  the  following  persons,  whose  names  appear  on 
the  appended  list,  in  their  several  grades. 

There  were  589  blue  ballots  cast,  of  which  7  were  thrown  out 

because  of  informalities.    The  tellers  have  considered  a  ballot  as 

informal  which  was  not  endorsed,  or  where  the  endorsement  was 

made  by  a  facsimile  or  other  stamp. 

A.  M.  Waitt,  T 

Stevenson  TAYr.0E,  ;    ^  „        j-  m   .■ 
_,    „    r^  V  Tellers  of  Lledion. 

E.   H.    SOULE, 

Jesse  M.  Smith,       J 
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Abbott,  Arthur  V. 
Abercrombie,  Jas.  H. 
Abrams,  Herbert  T. 
Adamsou,  Daniel 
Aldrich,  Jno.  G. 
Bertsch.  Jno.  C. 
Blake,  Clinton  F. 
Burnell,  Robt.  T. 
Capp,  Jno.  A. 
Cattell,  \Vm.  A. 
Coburn,  Howard  L. 
De  Leeuw,  Adolph  L. 
DeWolf,  .Jno.  O. 
Dillon.  Benj.  H. 
Forsyth,  Robt. 
Fullenwider,  Henry  L. 


As  Members. 
Gabriel,  C'has.  R. 
Qerrish,  \Vm.  H. 
Hammarberg,  Arndt. 
Harned,  Albert  W. 
Harris,  Jno.  J. 
Henry.  Geo  J  ,  Jr. 
Honsberg,  August  A, 
Hoopes,  Morris 
Howell,  Frank  B. 
Jackson,  Lucian  C. 
Jackson,  Wm.  B. 
Jones.  Edw.  C. 
Kennedy.  Thos.  J. 
King,  Geo.  I. 
Krummel,  I..  C. 
Lardner,  Henry  A. 
Lea,  Edward  S. 


Lazenby,  Francis  A. 
Lofts,  David 
Machold,  Chas.  E. 
Malochee,  Henry  J. 
Morgan,  Jno.  R. 
Mullauey,  Jno.  J. 
Murray,  J.  Weidman, 
Naegeley,  J.  C. 
Nickerson,  A.  T..  Jr. 
Parsons,  Wm   M. 
Pitchford,  Jno.  D. 
Reunert,  Theo. 
Tagge,  Arthur  C. 
Viola,  Bartholomew. 
Whitlock,  Eliott  H. 
Wieland,  Chas.  F. 


Holies,  Frank  G. 
Brown,  Chas.  F. 
Crane,  Edw.  S. 


As  Associates. 
Croll,  Andrew  G. 
Higdon,  .Jno.  C. 
McLeod,  Daniel  T. 
Pollak,  Chas.  P. 


Ryder.  Malcolm  P. 
Terwilliger,  Harry  L. 
Voss,  Otto  C. 


Promotion  to  Full  Membership. 
Alexander.  H.  Katte,  Edwin  B.  Steele,  Walter  D. 

Brandon,  Geo.  R.  Middleton.  Percy  H.  Wallace,  Jos.  H. 

Johnson,  Jos.  E.,  Jr.  Monroe,  Wm.  S. 

Promotion  to  Associate. 
Vanderbilt,  Cornelius. 


Allen,  Chas.  M. 
Angus,  Robt.  W. 
Avery,  Jno.  S. 
Bailey,  Fred'k  W. 
Barkley,  Matthew  B. 
Batten.  Percy  H. 
Bernhard,  Richard 
Blake,  Francis  E. 
Brooks,  Louis  C. 
Buvinger.  Geo.  A. 
Casler,  Herman 
Collier,  Wm,  H. 


As  Junior  Members. 
Cunningham,  C.  Wayne 
Curtis,  Edma  H.  Jr. 
Gladden,  Chas.  S. 
Gray,  .Jno.  L. 
Hagy,  Jas.  h. 
Hogle,  Milton  W. 
Holcomb,  Alpheus  E. 
Hollander,  Emanuel 
Hopkins,  Geo.  G.,.Jr. 
Idell,  Percy  C. 
Jennings.  Edwin  M. 
Lunger,  Walter  G. 
McClintock,  Edw. 


Meissner,  Chas.  F. 
Nolde,  Fred'k. 
O'Neil,  Fred'k  W. 
Phillips,  E.  L. 
Riedel,  Arthur  E. 
Rutherford,  Gordon  S. 
Sears,  Richard  H. 
Smith,  Ernest  L. 
Starbuck,  Geo.  F. 
Van  Valkenburgh,  R.  D. 
Veitch,  Thos. 
Young,  Wm.  A. 


At  the  close  of  the  report  of  the  Council,  the  second  order  of 
business  was  the  report  of  the  Finance  Committee,  as  follows  : 


20 


PBOCEEDINGS  OF  THE 


AKNUAL    EEPOBT    OF    THE    FINANCE    COMJttlTTEE   OF    THE    AMERICAN 
SOCIETY   OF   MECHANICAL   ENGINEERS,    1900-1901. 

For  the  fiscal  year  1900-190  L  the  Finance  Committee  of  the 
American  Society  of  Mechanical  Engineers  would  respectfully 
report  to  the  Council  and  the  Society  the  following  statements 
of  receipts  and  expenditures  which  have  passed  under  its  direc- 
tion on  behalf  of  the  Society  during  the  year  beginning  Novem- 
ber 12,  1900,  and  ending  November  13,  1901.    • 

Secretary's  Balance  Sheet  for  the  fiscal  year,  ending  Novem- 
ber 13,  1901  : 


<:r. 

Bv  Cash  to  Treasurer. 


.$42,558  18 


To  receipts  for  the  year  1900 
-01,  all  sources  (itemized 
below) 143,558  18 

Itemized  statement  of  receipts  and  expenditures  of  the  Society 
for  the  fiscal  year  1900-1901  : 


Receipts. 
Dr. 

Initiation  Fees !li;4,910  50 

CurrentDues.  $27,606  82  ) 

Past  Dues... .     1,234  91  [  . .    29,156  19 

Advance  Dues.       324  46  ' 

Sales  of  Publications 2,720  45 

Binding  Transactions 138  25 

Engraving 155  45 

Life  Memberships 1 ,200  00 


Office  Expenses  (Misc.) 

Mail  and  Express  (Misc.)  . . . 

Ilall  Rentals 

Room      "      

Badges  and  Certificates 

Lighting  (use  of  lantern  cur- 
rent)   

Check  Collection  Charges.  .. 

Meetings,  Subscriptions,  etc. 

Travelling  (refund) 

Sales  Duplicate  Books  from 
Library 

Employers'  Bulletin  (paid  us 
for  small  expenses) 


15  05 

3  44 

835  00 

1,237  58 

991  50 

5  00 
70 

783  72 
75 

425  00 


Total  Receipts |42,558  18 


Disbursements. 
Vr. 

Publications |6,980  85 

Mail  and  Express 3,936  43 

Salaries 9,738  06 

Office  Expenses 398  93 

Engraving 819  93 

Contingent 28  50 

Binding  Transactions 1,913  50 

Meetings 2,846  39 

Committee  Work 69  11 

Badges  and  Certificates 614  01 

Travelling 300  00 

Insurance  and  Safe  Deposit..  17  GO 
Rent.  Interest,  and  Taxes. .  .  3,175  21 
Printing      Circulars,      Cata- 
logues, Office  Forms,  etc. .  3,.5.80  78 

Stationery  Supplies 392  47 

House    Supplies    and  Furni- 
ture   317  6() 

Library  (book  purchase  and 

binding) 305  10 

Janitorial  Supplies  126  53 

Fuel 284  75 

Lighting  (gas  and  current)  .  .  873  34 

Laundry 403  30 

Repairs,    House,    Furniture, 

etc 1,610  96 

Col.  Out-town  Checks.  .^  . . . .  31  88 

Total  Regular  Expenses.  $36,493  67 
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Brought  forward $43,558  IS 

Cash    in    Treasurer's   hands 

first  of  year  1900-1901 ....         248  07 


Total $42,806  25 

Cash   in    Treasurer's   hands 
first  of  year  1901-1902 $1,124  29 


Brought  forward $36,493  67 

Unusual  Expenses. 
New  Il^ating   and 

Ventilating 

Plant $4,486  00 

European  Expenses 

and       Engrossed 

Resolutions    sent 

Foreign  Societies      687  29 
Dues,  Ove  r  pay- 
ment    Refunded 

Member 15  00 

Total       Unusual 

Expenses 5,188  29 

Total  Disbursements,  year 

1900-1901 41,681  96 

Cash  on  hand,   end  of  year 
1900-1901 1,124  29 

Total $42,806  25 


At  the  time  of  this  report  there  remains  outstanding  uncol- 
lected accounts  due  the  Society  to  the  end  of  the  year  1900- 
1901,  as  follows  : 


From  Members,  Dues,  etc. 

3  men  owe  for  initiation  fee 

57  ■' 
19  " 
54     " 


$55  00 
855  00 
190  00 


"      "   dues  for  the  j-ear  1900-01,  just  closed,  at  $15 

'      "   ditto, at|10 

"   dues  of  1900-01  and  previous  years  from  two 

to  four  years  back 1,964  24 

2     "       "      "   dues  over  four  years 165  00 

9     "       "      "   small  balances  for  papers,  badges,  etc 26  32 

Total,  144  men  (about  5^^  of  the  entire  member- 
ship)   $3,255  56 

From  Miscellaneous  Accounts. 

2  societies  for  hall  rent $50  00 

21  persons  for  room  rent 168  69 

12  non-members  for  publications 213  00 

Total  from  35  persons $431  69 

Total  amount  outstanding  and  uncollected $3,687  25 

Due  to  the  action  -which  has  been  taken  by  the  Council  under 
Article  19  of  the  Rules,  on  men  who  owed  a  number  of  years' 
back  dues  and  from  whom  the  Society  seemed  to  be  able  to  get 
no  satisfactory  and  definite  responses  to  statements  and  letters 
sent  them,  the  sum  shown  above  as  due  the  Society  at  the  end 
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of  the  fiscal  year  1900-1901,  i.e.,  $3,687.25,  is  practically  all 
collectable,  and  the  larger  portion  of  it  will  without  doubt  be 
collected  during  the  coming  year. 

ASSETS   AND   LIABILITIES. 
End  of  Fiscal  Tear  1900-1901. 


Interest  in  property  at  12  West  Thirty -first  Street,  New 

York $29,000  00 

Stock  of  bound  and  paper-covered  copies  of  the  Trans- 
actions of  the  Society,  Vols.  I.  to  XXI l.'),900  00 

Badges  in  stocli  for  sale 120  00 

Outstanding  indebtedness  from  members  as  itemized  in 

statement  above 3,687  25 

Cash  on  hand  in  bank,  as  per  report  above 1,124  29 

lAabilities. 

Notes  payable $10,673  00 

Rent  due  to  Mechanical  Engineers'  Library  Asso, ....  3,625  00 

Sundry  minor  accounts 650  00 


$49,837  54 


$13,948  00 


Excess  of  assets  over  liabilities  $35,889  54 

The  above  statement  does  not  include  such  property  as  pam- 
phlet copies  of  the  papers  which  are  available  for  sale,  nor  does 
it  include  the  office  furniture  of  the  Society— safe,  typewriters, 
etc. — in  use,  which  have  been  considered  as  having  no  estimable 
cash  value.  It  does  not,  furthermore,  include  a  valuation  for 
the  sterotyped  plates  of  the  volume,  but  only  such  assets  as  are 
convertible  under  favorable  conditions  into  cash. 

The  valuation  for  the  copies  of  the  Transactions  has  been 
made  on  the  basis  of  estimates  for  their  reproduction  in  editions 
of  two  hundred  and  fifty,  from  stereotyped  plates  where  the  vol- 
umes have  been  thus  stereotyped,  and  on  the  jjrice  for  reproduc- 
tion of  Volumes  IV.  to  XI.  in  editions  of  the  same  size  for  which 
no  plates  are  in  existence.  The  selling  price  of  this  stock  if  it 
can  be  entirely  disposed  of  would  be  in  excess  of  $21,000. 

With  respect  to  the  liabilities,  it  may  be  explained  that  the 
amount  under  "  notes  payable  "  covers  a  payment  made  to  the 
Society's  printer  in  the  form  of  three  notes  falling  due  after  the 
receipts  for  the  current  fiscal  year  shall  have  become  due  and 
payable. 
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There  Las  always  been  an  open  running  account  with  the 
printer  at  the  end  of  each  Society  year,  but  this  account  has 
grown  to  twice  the  usual  proportion  by  reason  of  the  payment 
of  the  bill  for  installing  the  lieatiug  and  ventilating  apparatus, 
from  current  income,  which  has  made  it  impossible  to  meet  the 
bills  for  the  printer  by  cash  jjaymeuts  as  they  were  presented 
during  the  year.  The  Society  has  also  refrained  from  paying 
the  friendly  Mechanical  Engineers'  Library  Association  the 
amount  due  for  rent  under  the  lease.  This  statement  will  also 
make  it  appai'ent  why  the  amount  credited  to  publications  in 
the  cash  statement  is  smaller  this  year  tlian  usual,  and  less  than 
the  normal  amount  which  should  be  expended  for  this  purpose 
in  any  year. 

In  figuring  upon  the  total  accumulations  of  the  Society  dur- 
ing a  period  of  years,  the  assets  of  the  Mechanical  Engineers' 
Library  Association  form  a  jsart  of  the  directions  in  which  such 
accumulations  have  been  set  aside. 
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MECHANICAL    ENGINEEES'    LIBEAKT  ASSOCIATION. 

COPY    OF   ANNUAX    REPORT    OF   THE    TRUSTEES    OF   THE    MECHANICAL 
engineers'   library  ASSOCIATION   FOR    1900-1901. 


The  summary  of  receipts  and  disbursements  of  the  Trustees 
from  November  15, 1900,  to  November  13, 1901,  is  ajDpended. 

Secretary's  Balance  Sheet  for  year  1900-1901 : 


Dr. 

To  balance  on   hand  first  of 

year  1900-1901 $-33  28 

To  receipts  as  itemized  below.   3,487  00 


f3,530  28 


By  Expenditures  as  itemized 

below $3,085  05 

By  Cash  on  hand  end  of  year.       435  23 

$3,520  28 


Itemized  statement 
year  1900-1901 : 

Receipts. 
Dr. 

Receipts,  Fellowship  Fund. . 

Sinking  Fund 

Office  Rent 

"        Refund  Salary. . . . 


of  Receipts  and  Expenditures  for  fiscal 


$136 

346 

3,000 


$3,487  00 


Cash  on  hand  first  of  year. 


$3,520  28 
Cash  on   hand    first   of  year 

1901-1902 435  23 


Bi^ursementa. 

Cr. 

Interest  on  ^Mortgage $: 

,402  50 

840  00 

Library  and  Book  Purchase. . 

25  00 

Work    in   connection 

with  new  Catalogue  of  .same 

196  05 

General  Printing 

6  50 

Bonds,  two  notes  of  $300  each 

given  la.st  year  to  two  hold- 

ers of  three  bonds  each  of 

M.  E.  L.A 

600  00 

Interest  paid  on  above  notes. . 

15  00 

Total  Expenditures $3,085  05 

Cash   on    hand  end   of    year 

1900-1901 

435  23 

13,530  38 


At  the  time  of  this  report  there  is  due  the  Association  the 
sum  of  $2,656.00,  as  follows  : 

Five  Subscri  ptions  to  Funds $31  00 

American  Society  Mechanical  Engineers,  for  Rent 2,625  00 

Total $2,656  00 


All  bills  against  the  Association  are  paid  to  this  date. 
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Assets  and  Liabilities. 

Assets. 

Cash  on  hand  as  above $435  33 

House  and  Lot,  13  West  31st  Street,  JSfew  York  80,000  00 

Furniture  and  Equipment 5.000  00 

Books  and  Manuscripts 11,000  00 

Subscriptions  due  by  five  men 31  00 

Rent  due  by  American  Society  Jlechanical  Engineers. . . .  2,625  00 

Total  Assets |99,091  23 

Liabilities. 
First  Mortgage  lield  by  New  York  Academy  of  >Iedicine. $33,000  00 
Equity  in  property  at   12  West  31st  Street,  New  York, 

held  by  the  American  Society  Mechanical  Engineers.. .    29,000  00 

Total  Liabilities 62,000  00 


Excess  Assets  over  Liabilities |37,091  23 

The  special  order  of  business  appoiuted  for  the  morning  ses- 
sion was  the  consideration  of  amendments  to  the  Rules,  of  which 
notice  had  been  given,  in  concurrence  with  the  requirements  of 
the  constitution,  at  the  Milwaukee  convention.  The  discussion 
on  this  subject  was  opened  by  ex-President  Robert  W.  Hunt, 
who  read  the  resolution  to  amend,  as  follows  : 

M}\  liohert  W.  Ihtnt. — I  move  that  Article  IS  of  our  Rules 
be  amended  to  read  : 

The  initiation  fee  of  a  member  or  associate  shall  be  $25,  and  the  annual  dues 
shall  be  $35,  payable  in  advance.  The  initiation  fee  of  a  junior  shall  be  $15,  and 
his  annual  dues  $15,  payable  in  advance.  A  Junior  being  admitted  to  any  other 
grade  of  membership  shall  pay  an  additional  fee  of  $10.  Any  member  or  asso- 
ciate may  become  a  Life  3Iember  in  the  same  grade  by  the  payment  of  $350  at 
one  time,  and  sliall  not  be  liable  thereafter  to  annual  dues. 

In  making  this  motion,  which  I  do  at  the  request  of  the  Coun- 
cil, I  want  to  assure  you  that  it  is  done  after  very  careful  con- 
sideration, and  with  an  earnest  desire  to  serve  the '  best  inter- 
ests of  the  organization.  For  this  reason  I  know  that  I  am 
echoing  the  voice  of  everj'  member  of  the  Society  when  I  ex- 
press my  belief  that,  no  matter  how  the  question  shall  be  de- 
cided, whether  for  the  amendment  or  against  it,  that  the 
decision  will  be  reached  and  each  individual  will  vote  with  the 
same  earnest  desire  to  promote  the  welfare  of  the  Society  that 
I  assure  you  I  have  in  making  the  motion.  I  want,  further,  to 
assure  the  voting  membership  that  I  myself  as  a  jmst  President, 
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aucl  all  the  other  members  of  the  Council,  pledge  you  that  we 
will  carr}'  out  to  the  best  of  our  ability  your  wishes  in  this  mat- 
ter as  they  shall  be  expressed.  If  you  decide  in  favor  of  the 
increase  of  the  dues,  we  pledge  you  that  the  increased  revenues 
will  be  used  judiciously  and  will  not  be  wasted  or  extravagantly 
expended  because  the  Society  has  more  funds.  If,  on  the  con- 
trary, you  decide  that  economy  must  be  practised  to  the  extent 
of  cutting  off  certain  desirable  returns  to  the  membership,  and 
curtailing  the  Society's  operations  in  various  directions  so  as  to 
make  the  present  income  tally  with  the  expenditures,  I  pledge 
you,  on  the  j)art  of  the  Council,  that  your  wishes  shall  be  obeyed 
to  the  utmost.  I  assure  joxi  that  there  is  no  feeling  or  senti- 
ment in  this  matter,  except  that  one  which  expresses  itself  in 
love  for  the  Society.  We  are  facing  a  condition  of  affairs  which 
has  not  perhaps  been  made  as  clearly  manifest  to  the  member- 
ship of  the  Societ}'  as  it  would  have  been  if  the  Society  were 
not  an  open  organization.  The  reason  it  has  not  appeared  in 
the  past  as  clearly  as  we  are  making  it  appear  now  is  because 
your  initiation  fees  have  gone  into  the  general  fund  for  expen- 
diture, and  the  running  account  which  the  Society  carries  with 
the  firm  which  prints  its  Transactions  is  an  account  which  is 
never  closed  with  the  close  of  the  Society's  annual  account,  and 
the  gradual  increase  of  the  amounts  outstanding  and  due  for 
the  printing  of  the  Society  Transactions  has  been  increasing 
year  by  year  until  this  year  it  has  grown  to  a  proportion  to 
which  the  attention  of  the  Council  has  had  to  be  directed.  This 
state  of  affairs  if  allowed  to  run  on  indefinitely,  with  a  gradual 
accumulation  of  indebtedness,  can  have  but  one  end. 

How  can  we  face  this  projiosition  ?  The  Council  have  already 
canvassed  your  expenditures,  and  have  taken  action  to  reduce 
them  in  dii-ections  where  the  return  to  the  members  from  their 
dues  would  be  the  least  affected.  But  when  all  this  is  done, 
the  Society  will  not  have  paid  its  debt,  nor  will  it  haA'e  brought 
its  running  expenses  very  miich  below  the  income  from  dues. 
It  is  the  opinion  of  the  Council  that  the  initiation  fees  should 
not  be  expended  as  current  income,  since  that  policy  persists 
on  the  assumption  that  the  Society  will  grow  at  the  present 
phenomenal  rate  for  indefinite  years.  The  Council  have  not 
felt  inclined  to  make  radical  changes  in  their  policy  until  the 
desire  of  the  members  for  such  change  has  been  very  clearly 
expressed.    The  Coiincil  wishes  to  have  the  Society  in  the  posi- 
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tion  of  feeling  itself  one  of  the  greatest  and  most  progressive 
organizations  of  its  kind  in  the  world,  and  not  to  transform  it 
into  an  organization  upon  a  lower  plane,  economizing  in  every 
way,  giving  less  service  to  its  membership,  stopping  the  publi- 
cation of  certain  desirable  issues,  and  scrutinizing  every  benefit 
uiitil  the  Society  is  not  only  out  of  debt,  but  in  a  position  to 
move  forward.  I  submit  that,  in  my  opinion,  the  policy  of 
violent  retrenchment  is  not  a  good  one.  It  does  not  seem  to 
me  that  this  is  the  time  for  the  Society  to  think  that  they  have 
to  do  such  a  thing.  On  the  contraiy,  we  should  assess  oiir- 
selves — which  is  what  this  increase  of  dues  will  mean — for 
a  year  or  two,  so  as  to  pay  what  we  owe  at  once  ;  then,  with 
the  greater  income  and  a  close  scrutiny  of  every  purpose  for 
which  our  income  is  expended,  the  ultimate  result  would  be  that 
every  dollar  would  yield  us  even  greater  returns  than  at  present 
for  the  membership  which  we  carry  in  the  Society. 

The  question  has  been  raised,  "  Can  the  members  individually 
afford  to  meet  an  increase  of  dues  ?  " 

I  would  like  to  call  your  attention  to  the  fact  that  no  man 
can  become  a  full  member  of  this  Society  until  he  has  passed 
the  limit  of  thirty  years  of  age.  Is  it  to  be  supposed  that  a 
man  with  mechanical  or  engineering  ability  in  any  line,  and  who 
has  i-eached  thirty  years  of  age,  cannot  afford  to  spend  $-25 
a  year  to  belong  to  a  Society  which  gives  him  more  technical 
information  in  his  profession  than'any  other  Society  in  this 
country  or  abroad,  and  with  the  pledge  that  with  this  increase, 
and  with  the  belief  that  with  such  increase,  the  work  of  tlie 
Society  would  be  extended  so  that  what  he  receives  would  be 
greater  than  its  due  ?  I  personally  do  not  believe  the  $25  dues 
will  prove  a  hardship.  At  the  same  time,  it  is  apparent  that 
this  question  must  be  determined  by  every  man  for  himself. 

A  direction  of  economy  which  has  been  suggested  by  some 
members  is  to  discontinue  the  issue  in  advance  of  the  meeting 
of  the  papers  which  are  to  be  read.  We  are  told  that  everyone 
gets  these  in  his  bound  volume  of  Transaettoiis.  In  reply 
I  ask,  "  When  does  this  come  to  him  ?  "  It  comes  at  the  end  of 
the  year,  after  a  year's  work  in  his  profession,  so  that  these 
papers  are  ancient  history,  of  comparatively  little  value  except 
for  reference.  In  rejoinder,  we  are  referred  to  the  summaries 
of  our  papers  in  the  weekly  or  monthly  issues  of  the  technical 
journals.     The  diificiilty  here  is,  that,  while'  it  is  true  they  are 
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summarized,  yet  the  blue  pencil  of  the  editor  has  often  cut  into 
the  very  vitals  of  the  papers,  so  that  their  important  mission  to 
us  has  been  eliminated.  A  man  in  the  editor's  chair  tells  you 
what  you  ought  to  read  and  what  his  paper  chooses  to  publish, 
and  if  by  mischance  he  does  not  get  it  in  advance  of  a  friendly 
rival  he  does  not  insert  it  at  all. 

It  seems  to  me  that  an  artisan  cannot  do  good  work  without 
tools.  It  is  no  use  to  give  a  man  a  broad-axe,  a  steel  square,  and 
a  jack  plane,  and  tell  him  to  build  a  palace  car.  It  is  no  use 
to  give  an  engineer  an  old  arithmetic,  a  foot  rule,  and  a  piece 
of  chalk,  and  ask  him  to  design  a  complicated  piece  of  machin- 
ery. The  competition  is  too  great,  and  we  must  be  up  with  the 
times.  We  must  know  what  others  are  thinking  about  and  are 
ready  to  do,  and  it  ought  not,  in  my  opinion,  to  be  a  year  after 
they  have  completed  their  work. 

The  increase  of  dues,  furthermore,  will  give  the  Society  an 
added  opportunity.  If  its  income  shall  be  thus  increased,  it 
will  allow  the  Society  in  an  organized  way  to  pursue  a  course 
of  investigation  in  technical  matters  which  will  be  of  the  great- 
est intei'est  and  benefit  to  the  whole  profession.  I  would  refer 
you  to  the  work  of  our  present  committees,  made  up  of  earnest 
and  able  men,  and  ask  you  to  notice  how  long  they  have  been 
at  work  upon  the  duties  committed  to  them.  They  are  jierfectly 
willing  to  give  the  work  of  their  brains,  but  cannot  afford  to 
give  time  for  the  necessary  drudgery  of  such  committee  work, 
and  particularly  for  the  worlv  of  investigation,  which  can  be 
made  so  imjiortant  a  field  for  the  activities  of  such  committees. 
If,  on  the  other  hand,  the  Society  had  a  hind  which,  judiciously 
administered,  could  employ  competent  persons  for  the  manual 
part  of  the  committee's  work,  there  are  members  in  the  Society 
who  would  give  the  time  necessary  for  the  brain  work ;  and  I 
can  scarcely  convey  an  adequate  idea  of  the  value  to  the  profes- 
sion which  would  follow,  and  the  standing  of  the  Society  would 
be  put  even  higher  than  we  rejoice  to  see  it  to-day. 

I  most  earnestly  hope  that  the  motion  will  prevail. 

3Ir.  Francis  11.  Boyer. — I  rise  to  second  the  motion  to  increase 
the  drres,  and,  after  what  has  been  so  ably  said  by  the  speaker 
who  has  preceded  me,  it  would  seem  that  a  little  explanation 
might  be  acceptable  as  to  the  origination  of  the  resolution,  and 
perhaps,  also,  the  opposition  to  it.  The  necessity  for  the  in- 
crease in  the  dues,  as  it  has  appeared  to  the  Council,  is  told  in 
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the  report  of  the  Auditing  Committee.  The  condition  of  affairs 
has  not  been  unknown  to  the  Council  for  some  time,  and  at  the 
Milwaiikee  meeting  notice  was  given  that  this  question  woukl 
come  uj),  so  that  we  might  get  together  and  talk  it  over  among 
ourselves.  It  was  not  intended  that  the  matter  should  become 
a  newspaper  topic  for  discussion  in  the  press  and  for  publica- 
tion broadcast  before  the  caixse  had  been  stated  and  made 
known  to  those  interested.  I  will  venture  the  statement  that 
three-fourths  of  the  members  of  the  Society  outside  of  the 
Cotmcil  did  not  know  the  character  of  the  necessity  for  having 
money  to  meet  our  indebtedness.  I  have  a  secret  to  tell  you 
about  a  meeting  of  the  Council  held  on  the  31st  of  October  last. 
Sitting  around  the  table  were  eighteen  men ;  we  went  into 
session  at  three  o'clock  in  the  afternoon ;  at  six  o'clock  we  ad- 
journed for  dinner,  and  at  that  time  the  question  of  the  treat- 
ment of  this  resolution  had  not  been  reached.  It  was  on  the 
docket,  but  tliere  seemed  to  be  a  reluctance  to  take  it  up.  After 
dinner  the  question  was  taken  up,  and  it  will  interest  you  to 
be  told  that  the  first  three  speeches  which  were  made  were  em- 
phatically in  opposition  to  the  resolution,  and  those  of  us  who 
were  looking  on  felt  that  a  majority  of  the  members  present 
were  opposed.  Finally,  however,  past-President  Hunt,  of 
Chicago,  took  the  floor,  and,  in  his  easy,  quiet  way,  he  told  us 
what,  in  his  opinion,  would  be  the  consequences  of  keeping  on 
in  the  present  way.  The  members  of  the  Auditing  Committee, 
of  course,  were  well  informed,  but  the  average  member  of  the 
Council  had  not  given  it  the  attention  at  that  time  which  those 
had  exercised  who  had  been  brought  in  contact  with  these  affairs. 

It  took  ten  minutes  for  past  President  Hunt  to  tell  the  story, 
and  it  took  about  a  quarter  of  a  minute,  when  he  was  through, 
for  every  man  to  come  out  in  favor  of  the  resolution  and  to  take 
the  iinauimous  action  which  has  been  reported  to  you. 

We  appreciated  at  that  meeting  that  a  serious  injury  had 
been  done  to  the  movement  to  increase  the  dues  by  the  publica- 
tion of  partial  information  concerning  the  resolution  and  of  the 
disasters  which  would  follow  favorable  action  upon  it.  It  seemed 
to  us  that,  without  adequate  knowledge  concerning  the  necessity 
for  the  proposed  action,  the  reading  public  had  been  favored 
with  criticisms  broadcast,  and  applications  for  proxies  to  be 
used  against  the  movement.  The  question  is  like  a  family 
matter,  and  without  money  to  pay  our  bills,  the  Society,  like  a 
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family,  cannot  exist.  We  cannot  hold  our  heads  up  honorably 
otherwise,  and  yet  proxies  to  prevent  inci'ease  in  income  to  pay 
these  bills  were  invited,  to  be  held  over  the  heads  of  the  Council 
by  those  who  did  not  know  the  reason  for  the  action  to  be  taken. 
I  wonder  if  the  Chinese  law  is  known  to  you.  If  a  man  in  China 
is  charged  with  a  crime,  he  must  prove  his  innocence.  But  the 
case  here  is,  that,  without  knowing  what  the  crime  was,  and 
without  knowing  the  evidence,  adverse  action  is  held  over  the 
heads  of  the  Council.  This  is  the  reason  why  the  circular  was 
issued  which  asked  every  member,  on  the  basis  of  a  fuller 
knowledge  of  the  facts,  to  present  his  opinion.  Some  of  the 
letters  which  have  accompanied  these  proxies  would  be  amusing 
reading.  Some  of  them  said  that  our  Transacfions  are  of  no 
value  whatever  ;  while,  on  the  other  hand,  one  of  the  most  prom- 
inent members  of  the  Society  has  said  that  our  Transactions 
are  the  most  valuable  book  of  reference  which  he  can  get. 

I  want  to  tell  yoii  of  just  one  man,  who  will  be  known  to  all 
of  you.  Eear-Admiral  Melville  wrote  to  the  Council,  at  its 
October  meeting,  a  letter  which  was  read,  in  which  he  emphati- 
cally opposed  the  resolution.  Mr.  Eaynal,  as  a  member  of  the 
Council,  who  came  to  the  meeting,  was  one  of  those  who  was 
converted,  and  wdien  he  returned  to  Washington  and  told  the 
Admiral  the  story  and  the  outcome,  the  latter  immediately  gave 
him  a  proxy,  accompanied  with  a  message  to  the  meeting,  that 
by  all  means  he  wished  to  sustain  this  resolution. 

The  unfortunate  part  of  the  matter  here  is,  that  nine  out  of 
ten  members  of  the  Society  do  not  know  what  the  actual  facts 
are.  It  sometimes  appears  from  the  somewhat  formal  reading 
of  our  financial  reports,  and  the  absence  of  comment  upon  them, 
that  our  expenditures  are  not  carefully  looked  after.  I  have, 
however,  in  my  hand,  a  tabular  statement,  prepared  for  the 
Council  from  the  Society's  books,  running  back  over  a  period  of 
ten  years,  detailing  every  matter  relating  to  the  Society's  finan- 
cial administration,  and  jjutting  the  whole  financial  history  of 
the  Society  for  ten  years  under  its  proper  heading.  From  this 
list  it  is  very  plain  tliat  the  beginning  of  the  deficiency  runs 
back  for  several  years,  although  it  has  been  masked  in  the  cash 
reports  by  the  use  of  the  initiation  fees  as  current  income.  The 
great  and  notable  increase  which  has  brought  this  matter  em- 
phatically to  the  notice  of  the  Council  and  the  membership 
results  from  one  item  this  year  which  came  suddenly  into  our 
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accounts,  bj'  the  payment  for  the  plant  'which  is  making  this 
room  so  comfortable  to-day,  into  which  so  great  a  .number  of 
men  have  crowded. 

The  circulars  which  the  Council  have  issued  refer  to  the 
question  of  original  research.  You  are  going  to  have  presented 
to  you  at  this  meeting  a  paper  on  the  "  Bursting  of  Small  Fly- 
wheels." Professor  Benjamin  has  taken  a  series  of  small  fly- 
wheels, up  to  24  inches  in  diameter,  has  speeded  them  up  until 
he  has  burst  them,  and  defined  positively  the  speed  and  stress 
at  which  they  break.  It  would  seem  to  me  that  the  limit  of 
size  is  reached,  because  it  would  be  a  costly  matter  to  go  farther. 
Would  it  not  be  a  good  thing  to  be  able  to  appropriate  funds  so 
that  this  experimentation  might  be  carried  up  to  wheels  of 
several  feet  in  diameter,  so  that  we  might  better  know  about 
them  ?  Then  neither  Mr.  Fritz  nor  I  would  have  had  to  talk  so 
hard  as  we  did  at  Washington,  trying  to  teach  the  younger  mem- 
bers how  to  build  fly-wheels  which  would  not  burst,  because  the 
data  would  be  on  record  in  the  Transactions  to  enable  every 
man  to  know  what  he  was  doing. 

I  hope  the  resolution  will  prevail.  It  is  my  belief  that  it 
would  have  prevailed  at  once  if  it  could  have  been  possible  to 
bring  to  the  notice  of  all  members  whose  votes  will  be  deposited 
here  to-day  the  arguments  in  favor  of  the  passage  of  the  resolu- 
tion ;  but  it  is  the  absent  fellow  whom  we  cannot  inform  who 
has  got  to  be  recognized.  I  hold  in  my  hand  proxies,  one  of 
which  instructs  me  to  vote  against  the  resolution.  True  to  my 
trust,  I  must  put  in  the  adverse  vote,  but  I  know  that  when  this 
man  hears  the  facts  he  will  say  hard  words  because  I  didn't 
tear  up  his  prosy. 

Again,  in  many  letters  the  argument  has  been  advanced  that 
the  members  resident  within  a  limit  distance  from  New  York 
should  jjay  the  advance  in  dues.  I  suspect  that  some  members 
do  not  apjjreciate  that  a  very  considerable  fraction  of  the  ex- 
pense of  these  annual  meetings  in  New  York  City  is  borne  by 
the  personal  subscriptions  of  the  New  York  residents.  These 
are  the  same  men  who  would  pay  the  increased  dues  under  the 
other  conditions.  We  come  to  New  York  every  year,  while 
to  the  other  cities  you  go  at  considerable  intervals.  You  are 
coming  to  Boston  next  year,  and  I  hope  every  man  will  come 
and  bring  his  wife,  because  we  are  going  to  give  you  a  good  re- 
ception ;  but  since  you  haven't  been  there  before  in  fifteen  years, 
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it  ■would  appear  that  we  ought  to  be  able  to  afford  to  go  down 
into  our  pockets  and  contribute  a  little  more  than  the  ordinary  ; 
even  then  we  do  not  begin  to  give  the  aggregate  to  the  Society 
which  the  New  York  members  do,  and  by  which  the  visiting 
members  benefit. 

2[r.  H.  S.  Haineis. — When  I  came  to  this  meeting  it  was 
farthest  from  my  mind  to  speak  on  this  subject.  I  had  received 
copies  of  these  several  circulars  from  the  Council,  and  had 
thought  of  the  resolution  which  had  been  proposed,  and  I  said 
to  myself,  it  is  not  a  matter  of  much  consequence  to  me.  If  the 
Council  think  that  it  should  be  done,  of  course  I  shall  take  great 
pleasure  in  voting  as  they  would  like  us  to  vote. 

I  had  received  letters  from  some  of  my  friends  who  could  not 
be  here,  requesting  me  to  oppose  the  passage  of  this  measure. 
I  have  had  enough  experience  in  such  matters  not  to  make  up 
my  mind  before  hearing  the  other  side,  and  therefore  approached 
it  with  impartiality,  but  from  the  point  of  view  presented  by  the 
Council,  that,  by  increasing  our  annual  dues,  we  could  add  to 
the  usefulness  of  the  Society.  That  is  a  question  upon  which 
we  might  hold  very  different  opinions.  The  suggestion  was 
made  in  the  letters  which  I  have  mentioned  that  it  was  too  much 
to  ask  of  the  younger  members  to  assent  to  this  great  increase 
in  their  dues ;  that  it  would  be  better  to  furnish  less  in  the 
way  of  information  and  keep  within  the  present  income  of  the 
Society. 

But  when  I  heard  the  statement  just  made  by  our  past  Presi- 
dent, Captain  Hunt,  I  had  a  feeling  which  I  suppose  was  shared 
by  every  member  present  who  was  as  ignorant  as  was  I  of  the 
condition  of  the  financial  affairs  of  the  Society.  When  I  heard 
Captain  Hunt  speak  of  accumulating  indebtedness,  I  felt  a  sort  of 
sinking  in  my  heart.  I  am  not  a  recent  member  of  this  Society. 
I  have  been  proud  to  be  connected  with  it,  particularly  since  I 
became  personally  aware  last  summer  of  the  esteem  in  which  it 
is  held  abroad,  so  that,  when  I  heard  a  gentleman  in  whose 
opinion  I  have  great  confidence  speak  about  retrenchment  in 
connection  with  our  affairs,  my  mind  took  another  turn  as  to  the 
proposed  increase  in  our  dues. 

What  is  the  use  of  discussing  the  gojd  that  can  be  done  by 
increasing  our  income  from  this  source  ?  It  is  not  a  question 
of  making  this  Society  of  greater  use,  but  of  maintaining  it,  of 
saving  it.     Tliat  seems  to  be  the  question  which  we  have  to  face ; 
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therefore  let  us  uot  talk  about  Laviug  more  research,  or  more 
papers,  or  more  anything  else.  Let  us  say,  "What  must  we  do 
to  be  saved  ? "  That  is  what  we  should  do.  Let  us  view  the 
subject  from  that  standpoint  and  uot  discuss  bygones  or  other 
irrelevant  matters.  If  previous  Councils  have  made  mistakes, 
it  has  been  with  the  intention  of  furthering  the  interests  of  the 
Society. 

What  does  the  Council  want  to  do  in  this  emergency,  and  how 
can  we  help  them '?  That  is  the  whole  question  at  present. 
For  my  j^art,  I  am  prepared  to  favor  any  measure  which,  upon 
careful  consideration,  promises  to  put  the  Society  where  it 
should  be  financially,  and  to  enable  it  to  continue  the  good  work 
which  has  been  carried  on  for  so  many  years — a  work  in  which 
it  has  been  earnestly  guided  by  the  members  of  this  Council,  as 
well  as  by  the  past  Presidents,  many  of  whose  portraits  we  see 
around  us  on  these  walls.  For  their  sakes  and  for  the  sake  of 
the  Society,  let  us  not  talk  about  anything  else  now  but  "  What 
shall  we  do  to  be  saved?  "    [Applause]. 

3Ir.  Henry  B.  Towne. — It  is  always  well  in  discussing  any 
question  to  have  both  sides  of  it  stated,  and  in  the  matter  before 
the  meeting  there  is  another  side  which  should  be  presented, 
and  which  I  had  intended  to  present  somewhat  later,  but  which, 
it  seems  to  me,  can  properly  come  in  at  this  stage  of  the 
debate. 

I  think  it  will  help  us  if  we  have  some  figures  and  facts,  as 
well  as  opinions  and  sentiments.  I  endorse  all  of  the  sentiments 
that  have  been  uttered.  No  member  has  the  welfare  of  this 
Society  more  at  heart  than  I,  and  I  think  no  one  appreciates 
more  than  I  the  good  work  it  has  done  and  the  still  greater 
possibilities  of  good  work  which  lie  before  it  in  the  future  ;  but 
I  am  ia  no  sense  so  pessimistic  in  my  view  of  its  present  condi- 
tion as  some  of  the  speakers  who  have  preceded  me.  We  are 
not  bankrupt  or  anywhere  near  bankruptcy.  The  Society  is  in 
a  flourishing  condition  and  very  well  able  to  take  care  of  itself. 
We  are,  indeed,  and  unfortunately,  in  debt ;  but  we  have  got  to 
get  out  of  it,  and  we  are  going  to  get  out  of  it.  It  will  be  a 
good  thing  if  we  can  get  out  of  it  in  one  year,  and  I  think  per- 
haps we  can  and  easily  ;  but,  if  we  cannot  do  it  easily,  the  credit 
of  the  Society  is  quite  ample  to  carry  that  indebtedness  for  two 
or  three  or  four  years,  if  we  should  need  that  time  in  which  to 
liquidate. 
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Now,  let  US  see  what  the  facts  are  in  regard  to  this  debt.  At 
the  close  of  the  Society  year  of  1896-1897 — I  will  use  hereafter 
the  later  date  of  each  term  as  it  overlaps  a  calendar  year — at 
the  close  of  the  year  1897  we  had  an  outstanding  debt  of  about 
$4,200,  chiefly  due  to  the  printer.  At  the  close  of  the  next  year, 
1898,  the  debt  had  increased  to  $6,500.  At  the  close  of  the  next 
year,  1899,  it  was  17,500.  At  the  close  of  the  next  year  it  stood 
stationary  at  $7,500.  At  the  close  of  the  current  year  it  stands 
at  $13,700  approximately.  That  is  an  increase  for  those  four 
years  of  $9,500,  an  average  in  each  year  of  $2,375  that  we  have 
run  behind ;  in  round  numbers,  $2,400 — or,  if  you  please,  $2,500 — 
a  year  that  we  have  been  expending  more  than  we  have  received. 
That  is  what  we  have  got  to  take  care  of. 

It  happens,  however,  that  during  last  year  our  expenses  were 
very  largely  increased  by  extraordinary  conditions ;  a  heating 
and  ventilating  apparatus  was  put  into  this  hall,  and  some  addi- 
tional wiring  was  put  into  the  house,  and  I  believe  some  un- 
usiial  expenses  were  incurred  in  the  Transactions,  which  the 
Secretary  can  explain  if  desired.  The  aggregate  of  these  items 
accounts  for  nearly  the  whole  of  the  increase  in  the  indebted- 
ness during  these  four  years. 

We  want  to  clear  up  that  indebtedness.  The  easiest,  and  I 
believe  the  best,  way  of  doing  it  will  be  by  a  reasonable  increase 
in  our  dues. 

At  the  time  of  the  Council  meeting  which  has  been  referred 
to,  on  the  31st  of  October  last,  I  was  present,  and  my  name  was 
correctly  attached  to  the  statement  issued  as  repi-esenting  the 
unanimoiis  opinion  expressed  at  that  meeting,  but  I  was  in 
the  position  which  Mr.  Boyer  has  described  when  he  said  that 
not  one-third  of  the  members  of  the  Council  then  present  were 
aware  of  the  financial  condition  of  this  Society ;  I  belonged  to 
the  other  two-thirds.  I  was  not  then  aware  to  what  extent  the 
Society  had  entered  into  debt.  I  admit  the  fact  with  regret  and 
with  some  sense  of  moi-tification,  that,  as  a  member  of  the  Coun- 
cil, I  ought  to  have  known,  but  I  will  come  to  that  a  little  later. 
When  these  facts  were  put  before  us,  I  was  converted  by  the 
eloquent  appeal  of  Mr.  R.  W.  Hunt,  one  of  our  past  Presidents, 
for  increased  dues,  and  agreed  with  the  others  that,  on  the 
whole,  perhaps,  we  had  got  to  make  the  large  increase  then  pro- 
posed. In  the  month  that  has  since  passed  I  have  had  time  to 
get  together    some    figures  relating   to  our  afl'airs,  and  have 
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changed  my  opinion  ;  I  want  to  say  now  that  I  do  not  believe 
we  need  the  large  increase  of  dues  for  which  the  resolution 
before  the  house  calls. 

On  the  basis  of  last  year^the  membership  has  increased  since 
then,  biit  I  take  last  year's  figures  because  it  is  believed  quite 
generally  that  if  an  increase  is  made  in  dues  there  will  be  a 
number  of  resignations,  and  I  want  to  discount  that  fact,  if  it  be 
a  fact,  therefore  I  take  last  year's  membership,  which  amounted 
approximately  to  1,600  members  and  associates  and  500  juniors — 
the  proposed  increase  of  $10  for  members  and  associates  would 
amount  to  $16,000,  and  $.5  increase  for  500  juniors  would  be 
$2,500,  or  a  total  of  $18,500.  Why,  Mr.  President  and  gentle- 
men, we  should  at  that  rate  wipe  out  our  existing  indebtedness 
of  slightly  over  $13,000  in  the  first  year  and  have  $5,000  to  the 
good,  and  thereafter  have  $18,500  more  income  than  we  have 
at  the  present  time.  I  cannot  see  the  occasion,  and  I  do  not 
believe  the  occasion  exists,  for  any  such  large  increase  in  the 
income  and  for  the  resulting  increase  in  the  burden  to  our  mem- 
bership ;  for  to  a  large  proportion  of  our  membership,  gentle- 
men it  will  be  a  burden  to  pay  $10  in  addition  to  the  S15  which 
is  now  charged. 

"My  recommendation — and  at  the  proper  time  I  shall  put  this 
into  the  form  of  an  amendment  to  the  pending  motion — is  that 
the  dues  be  increased  to  $20  for  members  and  associates,  and 
$12.50  for  juniors,  which  is  just  one-half  of  the  amount  contem- 
plated in  the  pending  motion,  the  result  of  which  will  be,  on  the 
basis  of  last  year's  membership,  to  give  us  an  added  income  of 
$9,250.  If  we  secure  that  added  income  it  will  nearly  wipe  out 
our  existing  indebtedness  in  one  year ;  in  addition  to  which,  as 
Mr.  Hunt  stated  in  introducing  the  motion,  certain  economies 
have  already  been  considered  and  passed  upon  by  the  Council 
■which  aggregate  about  $1,000  a  year.  I  accept  his  figure,  and, 
adding  it  to  the  $9,000  increase  of  income  which  my  suggestion 
would  imply,  we  get  $13,000  in  round  numbers,  which  is 
practically  the  amount  of  oxly  indebtedness ;  so  that  one  year's 
operations  would  clear  the  Society  of  debt,  and  thereafter  it 
would  have  additional  available  resources  of  at  least  $18,000 
per  annum  over  and  above  what  it  has  at  the  present  time. 

A  statement  which  has  been  referred  to  by  Mr.  Boyer  and 
Mr.  Hunt,  prepared  in  great  detail  for  the  information  of  the 
Council,  shows,   when  summarized,  that  the  normal  expenses 
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of  running  the  Society's  business,  grouped  into  the  large  main 
items,  are  as  follows  : 

For  publications,  that  is,  the  Transactions  (I  omit  the  small 
figures),  $14,000 ;  salaries,  $9,700 ;  meetings,  both  annual  and 
other  meetings,  $2,000 ;  the  large  catalogue,  about  $1,300,  and 
the  small  catalogue,  aboiit  $1,400  (or  more  than  the  large  one, 
and  that  is  one  of  the  directions  in  which  economy  is  proposed) ; 
the  general  printing  account,  about  $1,900  ;  postage  and  express- 
age,  nearly  $3,000  (another  account  which  can  be  reduced) ; 
other  incidental  expenses,  $1,600  or  $1,700 ;  and  finally,  rent, 
taxes,  interesi,  and  repairs  on  the  building,  $4,500  ;  or  a  grand 
total,  in  round  figures,  of  $40,000. 

Our  income  from  all  sources  last  year  was  shown  to  be 
$42,000,  and  the  deficit  is  accounted  for  chiefly  by  the  extra- 
ordinary expenses  incurred  in  the  improvement  of  the  plant 
here,  and  in  the  extra  expense  of  last  year's  Transactions. 

The  addition  to  that  $42,000  income  $9,000  more  of  dues  will 
raise  it  to  over  $50,000  ;  while,  on  the  other  hand,  the  oi:)erating 
expenses  can  be  reduced,  as  the  Council  has  already  discovered, 
and  as  it  proposes  to  take  further  steps  to  accomplish,  there- 
fore, Mr.  President,  I  submit  that  these  figures  should  be  kept 
clearly  in  view  in  the  discussions  which  take  place  at  the  meet- 
ing to-day ;  and,  as  I  said  before,  at  the  proper  time  I  shall 
move  an  amendment  to  the  present  motion,  that  the  increase  in 
dues  be  to  $20  for  associates  and  members,  and  to  $12.50  for 
juniors.     [Applause] 

Col.  E.  D.  Meier. — It  is  with  the  utmost  regret  that  I  find 
myself  on  the  other  side  of  the  fence  from  so  many  of  my  friends 
in  the  Council.  The  statement  made  in  the  report  to  which  we 
have  listened,  and  further  supjjlemeuted  by  the  remarks  of  ex- 
President  Hunt,  shows  us  to  be  in  debt,  and  it  is  probably  true 
that  this  fact  was  not  known  to  many  of  the  members  when 
proxies  were  asked  for  against  the  amendment.  The  point 
which  I  know  was  in  the  mind  of  many  gentlemen  who  sent 
adverse  proxies  was  their  objection  to  taxation  without  repre- 
sentation. If  they  are  not  thoroughly  informed,  they  are  not 
properly  represented,  and  I  think  it  is  unfortunate  that  they 
should  not  have  been  told  exactly  the  state  of  the  ease  with 
more  fulness  up  to  now. 

Another  point  which  I  should  like  to  raise  is  the  argument 
for  a  greater  due  from  the  resident  membership  ;  that  is,  for 
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those  who  can  make  use  of  the  headqiiartei's  with  its  privileges- 
It  is  a  well-known  fact  that  in  the  larger  cities,  such  as  Boston, 
Philadelphia,  Cleveland,  Detroit,  St.  Louis,  Chicago,  Cincinnati, 
Denver,  and  so  on,  there  are  other  engineering  organizations 
doing  essentially  the  same  kind  of  work  that  we  are  doing  here. 
They  may  not  be  strictly  mechanical  engineering  societies,  since 
they  will  include  all  branches  of  engineering,  but  they  pay  out 
of  their  own  pockets  for  their  meeting  halls  and  publications. 
These  expenses  will  average  at  least  $10.00.  Hence,  it  seems 
to  me  that  the  members  resident  near  New  York  avoid  the 
expense  of  such  a  local  club,  which  has  to  be  met  by  the  resid- 
ents of  other  cities,  and  that  for  this  reason  they  might  properly 
be  asked  to  pay  a  larger  due  to  this  Society.  I  certainly,  while 
a  local  member,  resident  in  New  York  City,  would  be  willing 
to  pay  this  advance. 

It  was  my  knowledge  of  the  feeling  of  our  members  in  the 
"West  and  in  the  other  large  cities  where  these  clubs  exist, 
which  induced  me  to  take  up  the  adverse  side  of  this  question. 
Even  if  the  amendment  proposed  by  Mr.  Towue  is  carried,  it 
would  seem  to  me  it  should  not  be  brought  to  a  final  vote  until 
some  later  meeting,  and  that  before  that  final  vote  the  members 
should  all  be  informed  as  to  the  exact  state  of  the  case,  and 
for  what  purpose  the  increased  dues  are  to  be  used.  I  think 
the  proj^er  course  for  us  to  take  is  to  vote  on  the  question  as  it 
stands,  because  it  was  placed  before  the  Society  iu  this  form 
at  the  Milwaukee  meeting.  After  this  has  been  done  will  be 
the  projDer  time  to  offer  an  amendment.  We  all  believe  in  the 
Society,  and  I  trust  that  we  all  feel  that  the  Council  has  done 
what  it  thought  to  be  wisest  iu  the  jjremises.  I  think,  however, 
that  the  Council  has  not  been  fully  informed  as  to  the  feelings 
of  the  membership  resident  at  a  distance.  On  the  other  hand, 
the  membership  at  a  distance  has  not  been  informed  of  the 
difficulties  before  the  Council.  It  seems  to  me  that  when  these 
things  have  been  explained  to  both  parties,  there  would  be  little 
or  no  difficulty  in  getting  a  vote  which  should  be  practically 
unanimous  for  any  such  increase  as  may  prove  to  be  necessary. 
[Applause.] 

Mr.  A.  A.  Cary. — Mr.  President,  when  I  came  here  to-day,  I 
had  no  intention  of  contributing  to  this  discussion,  but  Colonel 
Meier's  remarks  have  brought  out  some  points  which  appeal  to 
me  and  which  I  believe  should  be  carefully  considered.     From 
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what  lias  been  said  I  tliink  that  we  are  a  little  hasty  in  taking 
a  vote  on  this  question  at  the  present  meeting.  Would  it  not 
be  better  to  have  this  entire  discussion  printed  and  distributed 
to  the  membership,  while  this  motion  is  laid  on  the  table  ?  By 
this  means  every  voter,  especially  those  not  present  at  this 
meeting,  will  be  able  to  study  this  question  carefully  and  act 
with  his  best  judgment.  There  is  no  doubt  at  all  but  that, 
lacking  information,  a  great  many  absent  voters  have  voted  un- 
intelligently,  and  with  a  full  understanding  of  this  matter  they 
might  reverse  their  ballots  ;  therefore  it  seems  to  me  that  it  is 
but  fair  to  them  to  have  this  action  delayed,  and  thereby  avoid 
putting  these  absentees  in  a  position  to  regret  the  way  their 
ballots  were  cast. 

If  a  subsidiary  motion  is  in  order  here,  I  would  move  that  this 
proposition  be  laid  upon  the  table,  to  be  taken  up  at  the  next 
meeting  of  the  Society. 

3Ir.  W.  S.  Rogers. — Quite  a  number  of  years  ago,  when  I  be- 
came a  member  of  this  Society  and  attended  my  first  meeting, 
I  had  an  experience  with  one  of  the  members  at  that  time, 
which  would  make  an  amusing  story,  and  which  won  for  me 
among  those  who  knew  me  the  pet  name  of  the  "hitching 
post "  during  my  stay  at  Nashville.  I  have  been  wondering 
whether  anybody  is  trying  to  make  me  the  "hitching  post"  in 
this  question  of  raising  the  dues.  If  so,  it  is  a  waste  of  time 
and  energy  to  try  it.  I  protest  against  this  amendment  to-day 
for  one  reason  and  one  only.  I  do  not  care  for  my  own  dues. 
I  will  admit  right  here  that  the  Secretary  has  to  send  me  four 
or  five  notices  to  square  up  before  I  do  it,  and  half  the  time  it 
is  because  I  want  to  be  contrary  with  him — I  like  to  get  letters 
from  him. 

I  have  been  interested  all  my  life  in  young  men.  Why  ? 
Because  I  had  not  the  opportunities  for  education  that  they 
have  to-day.  Every  time  I  have  been  a  proposer  for  junior 
membership)  of  a  young  man  who  has  got  through  a  university 
or  become  able  to  do  something,  and  who  is  a  man  who  will 
eventually  make  his  name  mean  something,  the  Secretary  and 
our  Council  have  encouraged  me  to  bring  him  in ;  they  have 
said,  "  They  are  the  material  we  have  got  to  leave  behind  us  to 
hold  us  up."  We  have  brought  them  in,  given  them  no  vote, 
and  tell  them,  "  You  are  not  old  enough ;  we  know  this  busi- 
ness, you  do  not."     To-day  we  are  going  to  adopt  the  typical 
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Texas  plains  plan  and  say,  "  Here,  we  have  got  you  in,  and  now 
we  are  going  to  rob  you,  and  you  can't  help  yourselves;"  and, 
as  cue  member  says,  "  If  you  don't  like  it,  get  out."  Is  that 
honorable  engineering  ?     Is  it  honest  business  principle  ? 

I  want  the  juniors  to  stay  in.  I  don't  think  it  right  to  tax 
them  without  representation.  Now,  I  am  not  wealthy  like  a 
whole  lot  of  men  of  our  Society,  but  if  that  $13,000  has  to  be 
raised,  aud  we  have  got  to  have  it,  I  do  not  want  to  see  the 
dues  go  ujj,  for  I  know  what  a  hardship  it  will  be  to  many 
juniors  as  well  as  to  a  number  of  members  who  are  here  to-day  ; 
but  I  will  chip  in  a  hundred  dollars,  and  you  need  not  pay 
interest  on  it,  if  my  friend  Hunt  will  come  up  with  his,  and  some 
of  the  others  of  you  who  can  throw  away  $1,000  to  my  penny. 
The  Society  can  pay  it  back  to  my  children  in  ten  years,  without 
interest,  or  you  can  keep  it ;  but  let  the  dues  stay  as  they  are, 
and  wipe  out  the  debt  and  be  done  with  it.  By  raising  the 
dues  you  drive  out  all  the  members  who  cannot  afford  them. 
There  are  130  members  here  who  could  easily  pay  $100  apiece, 
aud  thus  settle  all  discussion,  and  let  the  Society  keep  it  or 
pay  it  back  at  the  end  of  ten  years,  without  interest ;  then  at 
once  cut  off  the  needless  extravagances  which  are  now  being 
practised  ;  let  our  Council  be  open  and  above  board  with  the 
membership,  aud  tell  us  what  is  going  on ;  let  them  cease 
trying  to  play  the  "  paternal "  act  over  us,  for  we  do  not  want 
it,  neither  will  we  have  it. 

I  do  not  want  to  see  this  amendment  put  on  the  table  or 
referred ;  I  want  to  see  it  brought  to  a  finish  and  settled  good- 
naturedly,  and  after  the  battle  is  over  we  will  carry  out  the 
wounded.     [Applause  and  laughter.] 

Mr.  Angus  Sinclair. — I  am  very  favorable  to'  the  suggestion 
which  my  friend  Kogers  has  made.  There  is  nothing  easier  in 
the  world  than  getting  into  debt.  We  find  individuals  are  very 
liable  to  get  into  debt,  and  we  find  corporations  and  companies 
and  societies  get  into  the  same  condition ;  we  very  often  find 
that  those  who  ought  to  be  the  watch-dogs  of  the  ti'easury,  and 
are  not,  get  blame  heaped  upon  them  for  permitting  the  society, 
the  individual,  or  whatever  it  may  be,  buy  more  than  it  has 
money  to  pay  for. 

It  is  not  so  very  long  ago  that  this  Society  was  paying  off 
debts  instead  of  incurring  new  ones.  They  paid  off"  a  big  mort- 
gage for  which  the  Society  was  responsible,  and  did  it  out  of 
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the  regular  income  of  the  Societj' ;  I  cannot  see  why  the  same 
thing  shoukl  not  be  done  now  that  was  done  in  the  past.  It 
will  be  very  easy  to  increase  the  dues  as  now  proposed,  and  yet 
go  on  expending  so  much  that  in  five  years  we  will  be  in  as  great 
debt  as  we  are  to-day,  and  more.     [Applause.] 

The  proper  principle  to  go  by  is  to  keep  within  your  income 
and  hold  to  that — hold  grimly  to  that.  We  are  in  debt  now.  I 
think  the  right  thing  for  the  Society  to  do  is  to  make  a  special 
eifort  to  wijje  out  that  debt,  and  then  keep  within  the  income. 
That  is  what  ordinary  people  do.  Well,  ordinary  people  have 
to  pay  their  debts  from  the  ordinary  income  ;  but  we  can  make 
a  sj^ecial  effort,  like  that  which  was  suggested  by  Mr.  Kogers, 
and  get  that  money  paid  off  for  good,  but  be  mighty  sure  in 
the  future  that  you  are  not  spending  any  more  than  you  are 
getting  in.  That  is  the  principle  on  which  we  want  to  spend 
money. 

Mr.  F.  Meriam  Wheeler. — The  remarks  of  our  friend  Rogers 
are  certainly  very  amusing  ;  he  did,  however,  seriously  touch 
on  one  point  to  which  I  desire  to  reply,  and  that  was  his  sug- 
gestion of  passing  around  the  hat  for  some  of  us  to  "  chip 
in."  We  had  one  experience  like  that,  and  I  hope  it  will  never 
be  repeated.  It  was  at  the  time  Mr.  Copeland  was  Treasurer, 
and  when  we  were  first  confronted  with  financial  troubles.  I 
was  then  on  the  Finance  Committee,  and  we  decided  to  make 
up  the  deficiency  each  year  by  asking  for  contributions  from 
such  members  as  were  willing  to  be  taxed.  We  had  subscrip- 
tions to  this  and  subscriptions  to  that;  and  while  each  item  in 
itself  was  not  such  a  large  amount,  the  sum  total  was  consider- 
able. There  were,  perhaps,  one  or  two  hundred  willing  mem- 
bers who  continiied  to  stand  these  taxes  for  a  number  of  years. 
Finally  there  were  several  complaints  brought  before  the  Fi- 
nance Committee,  and  I  suggested  it  was  about  time  we  raised 
the  dues,  but  I  found  I  was  decided]}'  in  the  minority.  I  do 
not  think  there  was  one  member  of  the  Finance  Committee,  not 
even  our  worthy  Secretary,  who  favored  the  suggestion.  How- 
ever, I  managed  to  present  a  motion  at  the  Providence  meeting 
to  increase  the  dues  to  $15,  which  is  the  amount  now  in  force, 
and  at  the  following  meeting  it  was  carried,  as  you  all  know, 
with  little  or  no  opposition.  This  proved  to  be  an  excellent 
move,  for  it  enabled  us  to  do  a  good  many  things  which  hereto- 
fore we  could  not  afford,  one  of  which  was  the  binding  of  our 
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Transactions  iu  a  more  attractive  form,  so  that  each  member  had 
the  same  uniform  binding  for  his  set  of  books.  It  also  did 
away  with  the  numerous  charges  made  on  the  bills,  which  it  was 
sometimes  difficult  to  keep  track  of. 

I  therefore  hope  no  such  idea  will  now  be  carried  out  as 
suggested  by  Mr.  Eogers.  Let  us  meet  oi;r  financial  obliga- 
tions in  a  business-like  way,  and  not  by  "  passing  around  the 
hat." 

Mr.  Worcester  R.  Warner. — One  of  our  members  this  morning 
made  a  quotation  which  seems  to  me  to  be  in  point  right  here. 
There  was  a  time  when  our  government  used  to  make  appropri- 
ations for  its  annual  budget,  amounting  to  $500,000,000.  Then 
it  grew  to  $600,000,000  ;  to  $700,000,000  ;  to  $800,000,000 ;  and 
finally  there  was  a  great  hue  and  cry  by  the  opposition  press  of 
the  country  when  the  appropriations  amounted  to  $1,000,000,000, 
and  the  Congress  of  that  year  was  called  the  "  billion-dollar 
Congress."  It  was  the  answer  which  Speaker  Reed  made  at  that 
time  which  I  want  to  quote.  The  country  was  growing  larger 
and  stronger  during  all  those  years  that  the  appropriations  were 
going  up,  and  it  was  this  circumstance  which  gave  point  to 
Speaker  Reed's  rejoinder :  "  It  is  all  right  to  appropriate 
$1,000,000,000,  because  this  is  a  billion-dollar  country." 

There  was  a  time  when  we  were  a  $  1 0  Society,  and  perhaps, 
also,  a  time  when  some  of  us  had  to  be  a  little  slow  in  paying 
those  dues.  Then  we  grew  in  1891  to  be  a  $15  Society.  But  if 
we  look  over  this  audience  and  scrutinize  this  j^ocket  catalogue 
of  members  (which  I  value  very  highly  and  consider  to  be  worth 
all  it  costs),  I  should  say  that  we  are  not  even  to  be  limited 
to  the  $25  valuation,  because  we  are  more  than  a  $^5  Society, 
and  ought  not  to  be  asked  to  get  along  on  only  $15.  We  are 
a  higher  grade  organization  than  we  were  when  we  started  ; 
it  is  more  important  to  an  engineer  to  be  a  member  of  this  Soci- 
ety ;  and  for  these  reasons  we  should  value  our  membership 
more  highly.  With  reference  to  the  hardship  incident  to  rais- 
ing the  dues,  while  I  am  in  full  accord  with  the  i^roposition  that 
we  should  practise  economy,  yet,  after  all,  we  are  proposing  to 
expend  only  three  cents  a  day.  It  is  too  small  a  sum  to  talk 
about  as  a  serious  obstacle. 

One  of  the  speakers  has  referred  to  the  standing  of  an  en- 
gineer who  deserves  that  name  and  is  worthy  to  be  a  member  of 
this  Society.     If  an  extra  three  cents  a  day  is  going  to  make 
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such  a  person  resign  from  the  Society,  my  rejoinder  is  "Pity 
him."     Of  course  he  will  drop  out  and  into  insignificance. 

I  am  surprised  that  opposition  should  ever  develop  to  the 
proposition  to  raise  the  dues.  I  am  willing  to  accept  such  an 
amendment  as  Mi-.  Towne  has  in  mind,  if  it  will  answer  the 
present  needs;  but  I  repeat,  that  just  as  we  are  progressive,  just 
to  that  same  extent  will  the  value  of  the  Society  be  greater  to 
us.  I  belong  to  several  organizations  in  my  home  citj'  of  Cleve- 
land, and  I  must  say  that  I  value  them,  practically,  according 
to  the  price  I  pay  for  them,  which  is  what  they  are  worth  to  me. 
This  Society  is  one  of  the  cheaj^est  to  which  I  belong.  While 
it  has  been  carefully  scrutinized  from  the  standpoint  of  those 
directly  concerned  in  the  industrial  j^rocesses  of  the  country,  I 
think  also  the  question  should  be  viewed  from  the  standpoint  of 
the  professional  engineer  and  of  the  membership  at  large  in  the 
Society. 

In  conclusion,  I  want  to  express  my  hope  that  our  dues  will 
be  raised  to  such  a  point  that  we  can  have  plenty  of  money  for 
immediate  needs,  with  some  available  in  the  treasury,  so  that  we 
can  do  the  desirable  things  and  not  have  to  curtail  in  our  pub- 
lications, our  postage,  or  similar  matters,  when  three  cents  a 
day  increase  of  dues  would  meet  all  these  conditions. 

Mr.  J.  D.  Cox. — I  came  to  this  meeting  with  a  determination  to 
have  a  mind  entire]}^  unprejudiced  on  the  question  of  dues,  until  it 
should  be  discussed  in  the  meeting.  When  the  subject  was  first 
brought  to  my  notice,  I  did  a  little  figuring  on  my  own  account, 
and  rose  with  the  query  in  my  mind  whether  any  engineer  after 
studying  the  question  would  be  likely  to  go  to  the  management 
of  an  establishment  and  advise  that  the  prices  to  its  customers 
be  raised  by  sixty-six  per  cent.  We  are  not  a  corporation  formed 
for  profit,  so  that  we  do  not  want  to  pile  up  a  surplus ;  we  simply 
want  to  meet  our  expenses.  We  want  the  expenses  to  be  kept  as 
low  .as  they  can  and  meet  the  requirements  of  the  members.  I 
think  we  should  first  reduce  our  expenses  so  as  to  keep  within  our 
income,  and  then,  if  better  service  is  desired  by  the  membership, 
it  will  be  the  time  to  bring  up  the  question  of  their  willingness  to 
pay  for  it. 

I  want  to  express  my  opinion  that  life  memberships  in  all  in- 
stitutions are  a  mistake,  and  I  do  not  believe  that  our  constitution 
should  provide  for  one.  A. proposition  to  make  a  life  membership 
fee  at  $350  is  an  excellent  one  for  the  engineer,  because  he  will, 
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with  a  due  of  $25  per  annum,  be  receiving  an  interest  in  excess  of 
seven  per  cent.  While  the  Society  is  supposed  to  invest  its  life 
memberships  so  as  to  get  the  advantage  of  compound  interest,  it 
does  not  seem  to  me  that  the  figure  ought  to  be  put  as  low  as  it 
stands. 

Mr.  George  I.  Rockwood. — It  does  not  seem  just  to  me,  for 
one,  that  the  dues  of  the  junior  members  should  be  raised,  both 
because  these  members  cannot  afford,  generally  speaking,  to  pay 
any  more  than  they  now  do,  and  because  the3'  have  no  voting  power 
on  the  question.  It  would  be  a  case  of  "  taxation  without  repre- 
sentation," as  some  one  has  already  said  ;  but  it  appears  tame,  on 
the  other  hand,  when  dealing  with  the  question  of  raising  the 
dues  of  full  members,  all  of  whom  are  over  thirty  years  of  age, 
members  of  a  great  national  engineering  society,  that  it  is  beside 
the  point  to  look  closely  only  at  the  dues  that  other  engineering 
societies  charge.  The  question  we  should  be  considering  is,  do 
we  want  to  continue  doing  as  a  society  what  we  have  been  doing, 
or  even  more  than  we  have  been  doing  ?  Do  we  want  to  increase 
the  scope  of  the  operations  of  the  Society  ?  Let  us  have  this 
question  discussed.  We  can  afford  to  pa}^  any  dues  necessary  to 
manage  this  Societj'  in  the  way  it  ought  to  be  carried  on. 

I  hope  we  shall  not  vote  to  increase  the  dues  of  the  juniors,  but 
that  we  shall  consider  the  other  question  as  I  have  put  it. 

Mr.  John  Piatt. — I  should  like  to  make  one  or  two  i-emarks  with 
regard  to  what  ra}'  friend  Mr.  Warner  has  said.  I  quite  agree 
with  his  ideas,  but  I  would  like  to  refer  first  to  the  statement  on 
page  12  of  the  Eeport,  Avhich  begins  "  the  dues  of  the  Institu- 
tion of  tlie  Civil  Engineers  of  Gi'eat  Britain,  whose  position  in 
that  country  is  the  closest  parallel  to  that  occupied  by  the  Ameri- 
can Societj'  of  Mechanical  Engineers  in  America ; "  I  am  sure  Mr. 
Warner  will  agree  Avith  me  that  the  Institution  of  Civil  Engineers 
is  a  society  to  be  proud  of,  and  one  Avhich  is  as  far  advanced  as  is 
this  one  and  well  able  to  take  care  of  itself.  Now,  the  statement 
is  made  that  the  dues  for  members  are  four  guineas  a  year.  That 
is  true  to  a  very  limited  extent,  but  only  of  the  members  resident 
near  London,  and  they  are  a  very  small  proportion  of  the  mem- 
bership. Again,  the  associate  members  of  the  Institution  of 
Civil  Engineers  number  more  than  double  both  the  resident  and 
non-resident  members  of  this  institution.  The  dues  of  the  associ- 
ate members  are  two  and  a  half  guineas.  The  Institution  pub- 
lishes four  large  volumes  every  year,  and  it  is  carried  on  in  as 
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good  a  way  as  any  society  can  possibly  be.  Of  course,  they  have 
a  much  larger  membership  than  we  have,  but  they  manage  to 
make  things  go  and  to  make  things  pay. 

I  quite  agree  with  Mr.  Rockwood,  and  think  that  every  one 
ought  to  do  what  is  necessary  and  right,  and  I  came  here  to  try 
and  find  out  what  was  necessary.  I  had  no  idea  what  it  was 
when  I  did  come  ;  I. thought  I  had  gained  some  little  light  from 
the  publication  of  statements  in  two  or  three  of  the  technical 
papers.  I  think  it  was  a  very  good  thing  that  some  things  were 
brought  out  b}'^  these  papers,  as,  according  to  Mr.  Boyer's  state- 
ment, it  was  only  late  in  October  that  two-thirds  of  the  Council 
had  any  idea  that  the  Society  was  in  debt.  Well,  of  course, 
things  had  to  be  done  pretty  hurriedly  after  that,  and  it  was  not 
to  be  expected  that  the  members  could  be  informed  of  the  condi- 
tion of  affairs. 

It  does  seem  to  me  that  the  expenses  should  be  cut  down  so 
that  the  Society  could  go  on  with  the  dues  which  are  at  present 
paid.  I  should  like  to  hear  something  for  and  against  this,  and  I 
hope  that  matters  will  be  ventilated. 

Mr.  M.  N.  Forney. — I  am  opposed  to  the  resolution  before  the 
house,  for  the  following  reasons  :  in  the  first  place  I  do  not  think 
the  Societjr  is  worth  §25  to  me  as  I  am  at  present  situated.  Sec- 
ond, I  do  not  think  the  Society  is  Avorth  $25  a  year  to  other  per- 
sons similarly  situated,  or  to  those  who  are  not  residents  of  the 
city  of  New  York.  In  the  third  place,  it  seems  a  hardship  to 
impose  so  high  an  expense  upon  many  of  the  younger  members 
of  the  Society  who  are  not  getting  very  liberal  salaries,  and  who 
have  difficulty  in  meeting  the  expenses  of  this  Society  and  others 
to  which  they  belong. 

There  is  a  very  strong  feeling  against  this  resc'ution.  I  hold 
in  my  hand  over  a  hundred  proxies  instructing  me  to  vote  against 
it,  and  there  are  other  members  who  hold  a  considerable  number  ; 
for  that  reason  it  seems  to  me  that  it  is  impossible  that  the  dues 
of  the  members  who  are  not  present  and  who  have  given  proxies 
should  be  increased  at  this  meeting.  Such  members  should  have 
an  opportunity  to  vote  against  this  resolution  as  it  stands  at  present 
before  this  Society. 

We  have  heard  a  good  deal  here  to-da}^  in  relation  to  the  in- 
debtedness of  the  Society,  much  of  which  is  new  to  some  of  us. 
I  think  it  will  be  extremely  jiroper  at  the  present  juncture  that  we 
should  take  a  direct  vote  on  the  resolution  as  it  stands,  without 
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amendment,  or  resolution  to  lay  it  on  the  table ;  that  we  should 
vote  that  resolution  down,  and  that  a  committee  should  be  ap- 
pointed to  investigate  the  condition  of  the  Society  and  make  a 
full  and  intelligent  report  of  the  actual  financial  conditions  and  of 
the  needs  for  the  future.  If  that  was  done,  and  if  that  was  pre- 
sented to  all  the  members  of  the  Society,  those  who  are  absent 
and  those  who  are  here,  they  would  then  be  able  to  see  the 
exact  reason  for  raising  the  dues,  and  if  such  reason  exists  they 
will  be  more  willing  to  accede  to  it.  If  the  resolution  is  passed 
at  the  present  time,  it  seems  to  mc  that  it  will  create  a  good 
deal  of  ill-feeling  in  the  Society.  I  tiiink  it  will  be  very  much 
wiser  to  vote  it  down  now,  and  leave  future  action  to  the 
future. 

Mr.  Harry  Alexander. — As  one  of  the  3'ounger  members,  I 
believe  that  one  of  the  fundamental  qualities  of  an  engineer  is 
ambition.  I  do  not  believe  that  any  engineer  who  has  that  fun- 
damental qualit}'  will  resign  from  this  Society  if  the  dues  are 
raised.  I  believe,  if  the  dues  are  raised,  those  who  have  spoken 
of  an  intention  to  resign  will  seriously  hesitate  to  resign  from  this 
Society,  knowing  well  that  they  have  shared  an  interest  in  its 
welfare.  I  am  a  3'oung  engineer,  and  working  my  way  up. 
Before  I  became  a  junior  of  this  Society  I  was  ver}''  ambitious  to 
be  a  member.  I  have  striven  hard.  I  believe  there  are  some 
juniors  who  may  find  it  a  little  difficult  to  pay  the  additional 
dues.  I  also  have  in  mind  what  Mr.  Eogers  says — to  pass  around 
the  hat. 

As  to  the  latter,  so  far  as  I  can  see,  that  will  only  take  care  of 
the  matter  for  the  present  year.  After  that  we  are  going  to 
stand  where  we  stand  to-da\' ;  we  want  to  go  ahead.  I  am  \'oung, 
and  want  to  advance,  and  I  want  my  young  colleagues  to  do  the 
same. 

I  have  looked  carefully  through  the  Report,  and  have  also  made 
some  figures  for  myself,  and  I  have  listened  to  what  Mr.  Towne 
has  said.  As  far  as  I  can  see,  we  are  in  financial  distress  to  a 
greater  or  less  extent.  We  evidently  have  got  to  meet  a  deficiency 
in  one  way  or  another.  The  jiroper  way  to  do  it  is  to  let  every 
member  stand  his  share.  True,  the  juniors  are  having  their  dues 
increased,  but  only  half  of  what  the  members  and  Associates  are. 
It  strikes  me  that  if  the  dues  were  raised  to  some  extent  (I  am  in 
favor  of  the  extent  proposed)  the  Society  will  be  able  to  wipe  out 
its  deficiency  as  well  as  aspire  to  do  even  more  ;  and  I  honestlv 
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believe  that  the  bulk  of  the  good  done  by  the  Society  in  its 
pamphlets  and  periodicals  is  for  the  junior  members,  and  es- 
pecially those  who  cannot  attend.  I  am  a  local  member,  and  I 
believe  this  is  the  third  time  I  have  been  in  this  house.  I  do  not 
have  the  time.  I  have  been  engrossed  in  my  work,  but  I  have 
always  had  sufficient  time  to  read  the  papers  and  at  times  seriously 
regret  that  we  do  not  receive  more  of  them. 

I  sincerely  hope,  as  one  of  your  younger  members,  that  the 
motion  before  the  house  will  prevail. 

ill/'.  F.  A.  Ilahey. — The  suggestion  made  by  Colonel  Meier, 
that  the  dues  of  tlie  resident  members  be  increased,  should  not 
be  lost  sight  of.  "We  have  had  a  voluminous  correspondence 
regarding  this  matter;  and  one  of  the  things  it  has  brought  out 
is  a  feeling  on  the  part  of  the  non-resident  members  that  the  resi- 
dent members  should  pay  more.  So  far  as  this  feeling  is  baLcd 
upon  the  supposition  that  the  resident  members  make  large  use 
of  the  Society's  house,  it  is  .scarcely  justified  by  the  facts  ;  but  it 
has  nevertheless  a  good  and  sufficient  basis  in  the  fact  that  one 
meeting  of  every  year  is  held  in  New  York,  which  meeting  the 
New  York  members  attend  without  cost.  I  have  never  felt  that 
the  New  York  members  were  entitled  to  anj'^  special  credit  for 
their  contributions  to  the  entertainment  fund.  Notwithstanding 
these  contributions,  the  cost  of  attending  the  New  York  meeting 
is  far  less  to  a  New  York  member  than  it  is  to  one  from  a  dis- 
tance. If  we  are  to  continue  to  hold  one  meeting  of  each  3'ear  in 
New  Y^ork,  then  I  consider  that  the  feeling  of  out-of-town  mem- 
bers is  just,  and  that  the  dues  of  the  New  York  members  should 
be  increased. 

Regarding  the  feeling  of  dissatisfaction  with  the  management 
of  the  Societ3''s  affairs,  it  is  easy  to  say  that  the  members  at  large 
have  no  knowledge  of  the  problems  of  the  Council  and  that  they 
therefore  have  no  right  to  criticize  their  acts.  The  members, 
however,  have  the  examples  of  the  Civil  and  Mining  Engineers' 
Societies  before  them,  and  they  are  right  in  asking  why  this 
Society  cannot  be  run  as  economically  as  those. 

I  cannot  understand  how  anyone  can  object,  as  Mr.  Boyer  does, 
to  all  members  voting  upon  such  a  vital  question  as  this,  and  I  do 
not  believe  tiiat  the  technical  press  needs  any  defence  for  having 
established  the  right  of  absentee  members  to  vote  by  proxy.  The 
Rules  lodge  the  right  to  change  the  dues  with  the  members  present 
at  a  meeting ;  the  right  to  vote  by  proxy  being,  until  recently. 
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not  known.  The  Council  were  acting  under  the  Rules,  and 
cannot  be  criticized  for  doing  as  they  did ;  but  had  this  matter 
been  decided  affirmatively  in  the  manner  first  contemplated  the 
action  would,  I  believe,  have  broken  the  Society  in  two.  The 
members  here  have  no  knowledge  of  the  feeling  that  was  being 
aroused  by  the  proposition  to  tax  all  members  by  the  votes  of 
a  few. 

Mr.  Gus.  C.  Hemiing. — I  should  like  to  preface  my  remarks 
with  the  statement  that  the  raising  of  the  dues  does  not  aflfect 
me,  because  I  am  a  life  member.  You  also  know  that  I  have 
been  a  member  of  this  Society  for  twenty  years ;  that  I  have 
probablv  received  more  favors  at  the  hands  of  Councils  than  any 
other  member — in  having  been  appointed  the  representative  of 
this  Society  abroad  at  Engineering  Congresses — and,  also,  having 
been  a  member  of  the  Council,  that  I  may  know  how  the  Council 
operates.  Under  these  circumstances,  you  will  no  doubt  admit 
that  I  have  no  axe  to  grind. 

Since  the  proposition  before  us  was  made  at  Milwaukee  I  have 
been  very  much  impressed  with  the  matter,  and  have  taken  the 
trouble  to  investigate  the  management  of  several  other  societies ; 
and  I  have  in  my  hands  official  statements  of  what  other  societies 
are  doing.  I  think  \o\x  will  all  admit  that  I  have  taken  the  deep- 
est interest  in  the  welfare  of  this  Society  and  have  spent  a  great 
deal  of  my  time  in  studying  its  interests  and  in  advancing  its 
objects.  Therefore  I  will  only  say  that  I  am  now  going  to  oppose 
this  resolution  from  none  but  an  honest  purpose  to  improve  the 
influence,  work,  and  growth  of  the  Society.  I  think  that  we  can 
do  it  without  an  increase  of  dues.  I  think  we  can  do  it  easily; 
and  if  I  have  anj^thing  at  heart  it  is  certainly  to  improve  and 
raise  the  standing  of  this  Society  and  to  increase  the  benefits  to 
every  member. 

"  The  objects  of  the  American  Society  of  Mechanical  Engineers 
are  to  promote  the  arts  and  sciences  connected  with  engineering 
and  meclianical  construction,  by  means  of  meetings  for  social  in- 
tercourse and  the  reading  and  discussion  of  professional  papers, 
and  to  circulate,  by  means  of  publication,  among  its  members  the 
information  thus  obtained." 

This  is  not  done  to  the  extent  that  it  should  be  done.  We  pub- 
lish but  one  volume,  which  appears  long  after  everybody  has  read 
the  papers  in  the  technical  press.  AVe  do  it  at  an  annually  in- 
creasing cost,  and  there  is  no  statement  or  assurance  that  we  will 
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do  it  at  a  less  cost  liereafter.  The  larger  the  Society  gets,  the 
greater  the  cost  per  member  seems  to  grow. 

From  1897  to  1900  it  has  increased  from  $14-.64  to  $18.50. 
Now,  this  is  something  which  must  be  wrong.  There  is  a  way  of 
improving  matters,  and  the  question  is,  has  any  one  else  found 
out  how  this  can  be  done  for  the  same  money,  or  less  money,  and 
perhaps  do  a  great  deal  more  than  we  have  done  ? 

WJiile  the  work  of  the  principal  societies  in  Great  Britain  and 
our  own  country'  has  been  laid  before  you,  no  one  has  spoken  of 
the  grand  work  of  the  Society  of  German  Engineers.  That 
society  has  annual  dues  of  only  $5,  but  the  Society  has  sections 
in  every  district  where  twenty-five  members  agree  to  join  under 
the  approval  of  the  Council  at  headquarters.  That  Society,  by 
this  arrangement,  has  acquired  a  membership  of  16,000,  increasing 
rapidly  at  the  rate  of  about  twelve  or  thirteen  hundred  a  year, 
all  engineers  in  the  country'  joining  the  same.  We  profess  to  be 
a  national  society.  We  are  nothing  of  the  sort.  There  are 
40,000  engineers  in  the  country,  while  but  2,300,  or  a  little  more, 
have  become  members.  We  are  not  a  national  society.  Many 
of  our  distant  members  complain  that  they  are  not  a  part  of  the 
Society  and  do  not  get  the  benefits  which  the  New  York  mem- 
bers enjoy. 

We  have  585  members  living  within  a  radius  of  75  miles  of 
New  York,  that  is  150  miles  across  the  circle,  every  one  of  whom 
receives  more  than  those  outside  of  it.  Their  dues  might  perhaps 
be  raised,  making  them  "  resident  members." 

I  would  like  to  tell  you  what  the  Society  of  German  Engineers 
does.  I  have  before  me  the  annual  report,  which  is  also  published 
in  their  journal  issued  weekly,  and  can  be  given  any  form.  At 
present  it  is  in  this  large  form,  which  is  inconvenient  to  be  bound 
in  transactions.  These  weekly  issues  could  all  be  published  in 
about  the  same  size  as  our  Transactions,  'with  folders  and  illustra- 
tions giving  all  the  papers  read  in  the  different  sections,  as  well  as 
matters  of  interest  to  engineers  in  general,  and  sent  weekly  to  all 
members,  instead  of  six  or  nine  months  after  each  meeting,  thus 
keeping  all  the  members  thoroughly  posted  about  engineering 
progress  in  this  countr\'.  Such  a  publication  is  a  business  proposi- 
tion and  should  be  a  source  of  income,  and  I  do  not  see  how  a 
society  such  as  this  can  expect  to  live  without  a  definite  source 
of  income.  The  annual  dues  are  not  sufficient  to  carry  out  our 
objects  and  to  instigate  original  research  such  as  the  Council — 
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certainly  while  I  was  a  member  thereof — had  intended  to  do,  and 
to  publish  all  the  latest  information  of  interest  to  members. 

I  will  give  you  a  few  figures  from  these  reports  published  for 
1899  and  1900.  The  weekly  journal  of  the  Society  of  German 
Engineers  produced  a  revenue  of  $297,000  in  1S99,  which  was  a  net 
profit  of  $2,.500,  after  mailing  a  copy  to  every  member,  the  number 
being  at  that  time  nearl}^  14,000.  Tliey  also  spent  for  their 
library,  $357  ;  donated  funds  to  other  societies,  $200  ;  made  dis- 
bursements for  changing  patent  laws ;  for  investigations  of  steam 
engines  and  of  materials  for  smoke  stacks ;  for  mechanics  schools, 
for  establishing  engineers  fees,  and  for  standanls  of  material  for 
pipes,  $1,768 ;  they  issued  Grashof  medals  at  a  cost  of  $233  ; 
$750  was  devoted  to  the  support  of  indigent  engineers  temporarily 
disabled  ;  $500  was  spent  for  the  Paris  E.xposition  ;  $2,500  was 
spent  for  original  investigation  ;  and  the  indebtedness  on  their  three 
houses  was  decreased  by  $3,500.  In  1900  a  far  better  showing  is 
made,  but  I  will  give  only  a  few  of  the  figures.  Receipts  of  the 
Zeltschrlft  were  $123,000.  On  special  matters,  such  as  reports  on 
prevention  of  smoke  and  on  standard  screw  threads — which  were, 
I  think,  the  best  standards  ever  published — $2,100  was  expended ; 
for  indigent  engineers,  $1,250 ;  for  employees'  pension  fund, 
$1,250;  expenses  at  the  Paris  Exposition  were  $2,750;  and 
$1,725  were  spent  for  securing  valuable  papers  on  various  subjects 
to  be  presented  at  meetings  of  sections;  for  scientific  subjects 
$1,350  was  spent;  and  $10,300  has  been  set  aside  for  further 
research  to  be  undertaken;  again,  $14,100  has  been  paid  off  on 
buildings,  so  that  these  are  now  nearly  free  and  clear. 

I  wish  to  point  out  that  the  activity  of  the  Society  of  German 
Engineers  in  all  of  these  matters  should  be  studied  before  pro- 
posing changes  of  our  present  Rules,  for  the  purpose  of  advancing 
the  interests  of  every  member.  I  think  when  we  see  that  the 
Society  of  German  Engineers  can  do  all  this  work  for  $5  a 
year,  we  shall  presently  be  able  to  do  it  with  $15,  if  we  start 
on  a  proper  business  basis,  and  I  think  there  are  members  in  the 
Society  who  liav^e  already  demonstrated  that  they  are  capable  of 
running  the  Society  on  $15  dues.  No  one  can  say  that  the 
Journal  of  the  German  Society  does  not  stand  at  the  head  of  all 
serial  technical  publications,  and  the  work  it  has  done  in  the  way 
of  establishing  standards  is  quite  equal  to  anything  done  else- 
where. With  this  extremely  successful  model  before  us  we  ought  to 
do  better  with  our  dues  of  $15  a  year  than  they  are  doing  with  $5. 
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I  wish  to  state  that  all  the  sections  of  the  German  Society  are 
created  and  operate  under  the  advice  and  control  of  the  Council, 
and  in  order  that  the  members  ma}^  understand  thoroughly  how 
this  is  done,  I  have  prepared  a  set  of  rules,  which  I  shall  offer 
later  on  as  an  amendment  to  our  jiresent  rules,  based  on  our  Eules, 
retaining  everything  in  them  which  we  have  learned  was  satisfac- 
tory, and  on  the  German  system. 

I  do  not  feel  that  we  have  arrived  at  a  point  where  we  can 
stop,  and  if  we  do  not  now  take  a  radical  step  to  put  ourselves  on 
a  proper  business  basis,  with  satisfactory  rules,  we  shall  have  this 
fight  over  again.  The  Society  is  twenty  years  old  now,  and  five 
years  hence  we  will  be  just  where  we  are  at  the  present  time,  if 
nothing  is  done  to  reduce  expenses  and  to  provide  a  regular 
source  of  income.  The  amendments  to  the  Rules  of  the  Society, 
necessary  to  give  effect  to  such  a  modification  as  is  proposed, 
appear  as  an  appendix  to  the  minutes  of  this  discussion. 

2[r.  li.  H.  Soule. — I  have  been  a  member  of  Council  for  the 
last  three  years,  and  my  name  was  one  of  those  appended  to  the 
circular  issued  by  the  Council,  and  therefore,  apparently  at  least, 
I  have  been  an  advocate  of  this  measure ;  but  I  have  to  stand  up 
here  and  make  tlie  acknowledgment  that  my  support  of  this 
measure  has  never  been  at  anj^  time  anytliing  more  than  half- 
hearted. Although  a  member  of  Council,  I  have  the  still  greater 
privilege  of  being  a  member  of  the  Societ}^  and  of  reserving  my 
judgment  until  the  last  moment  and  until  called  upon  to  deposit 
my  ballot.  I  am  impressed,  up  to  the  present  time,  that  the  best 
thing  to  do  is  to  make  the  dues  $20  a  year;  but  I  am  not  prepared 
to  advocate  even  that,  and  I  am  going  to  suggest,  before  I  take 
m}-  seat,  what  I  hope  will  commend  itself  to  the  members  as  a 
practical  proposition,  and  an  escape  from  our  present  dilemma. 

I  would  like  to  combine  some  points  which  have  been  pre- 
sented b}'  Mr.  Towne,  Mr.  Sinclair,  and  Mr.  Forney.  Mr.  Towne 
is  the  only  speaker,  so  far,  who  has  given  us  any  analytical  pre- 
sentation of  our  present  condition  financially,  and  I  think  we 
may  rely  on  his  conclusions,  the  principal  of  which  were  that  we 
were  not  by  any  means  bankrupt ;  but  that,  on  the  other  hand, 
our  credit  was  fairly  good,  and  that  we  could  survive  under  the 
present  conditions  for  three  or  four  years  longer.  He  alluded  to 
the  fact  that  certain  economies,  which  had  been  already  author- 
ized, would  result  in  about  $-±,000  saving  annually ;  but  the 
Council  has  other  measures  inaugurated  which  will,  they -believe. 
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bring  about  still  further  economies ;  so  I  think  "vve  can  rely  upon  a 
reduction  of  probably  $5,000  a  year  in  our  disbursements. 

The  point  made  by  Mr.  Sinclair  was  that  the  Council  was  re- 
sponsible for  this  23resent  condition  of  affairs,  and  that  .sentiment 
1  would  like  to  heartily  indorse.  I  have  been  a  member  of  Coun- 
cil for  the  three  years  duiing  which  this  condition  has  developed, 
and  therefore  I  must  take  my  share  of  the  responsibilities.  My 
term  of  office  expires  at  this  meeting,  and  my  shoulder  straps  and 
brass  buttons  are  to  be  torn  off ;  I  am  going  to  be  reduced  to  the 
ranks,  so  I  will  get  ni}'  meed  of  punishment  right  away. 

Then  a  point  was  made  by  Mr.  P^'orney  that  he  was  going  to 
offer  a  motion  later  on  for  the  appointment  of  an  investigating 
committee.     I  hope  that  such  a  motion  will  not  prevail. 

Combining  these  several  points,  I  would  like  to  make  this  sug- 
gestion :  that  we  vote  down  this  amendment,  but  that  we  do  it 
with  the  expectation  and  understanding  that  the  subject  shall  be 
kept  alive,  and  that  the  Council,  if  after  six  months'  experience 
they  conclude  that  they  cannot  effect  sufficient  economies  to  re- 
deem the  situation,  shall  at  the  spring  meeting  next  May  publish  a 
notice  of  an  amendment  of  tlie  Rules,  to  be  considered  at  the 
next  annual  meeting,  a  year  from  now,  in  which  amendment 
they  could  repeat  what  the}'^  have  recommended  now  or  suggest 
some  modification  of  it ;  that  will  keep  the  subject  open  for  a 
year. 

I  cannot  help  noticing  the  earnestness  with  which  this  matter 
has  been  advocated  on  both  sides,  and  believing  that  whichever 
way  it  is  to  go  a  considerable  number  of  people  will  be  disap- 
pointed. Therefore,  it  seems  to  me,  everything  considered,  we 
can  well  afford  to  let  the  main  question  lie  open  for  a  full  year, 
during  which  time  our  friends  of  the  technical  press,  who  have 
been  rather  severely  scored  here,  I  think,  can  do  good  work  in 
presenting  the  evidence  they  get  from  time  to  time.  I  have  the 
feeling  that  we  can  survive  this  j'ear,  and  we  all  know  that  a  con- 
cern which  has  a  constantly  increasing  indebtedness  is  in  poor 
credit,  but  a  concern  whose  indebtedness  is  constantly  decreasing 
is  in  relatively  good  credit ;  and  I  believe  we  can  demonstrate 
our  position  in  that  way  in  the  course  of  a  year.  Therefore  I 
hope  sincerel}'  that  this  measure  will  be  voted  down  promptly 
and  unanimoush',  with  the  understanding  and  expectation  that 
the  Council  will  at  the  next  meeting,  in  the  spring,  introduce  this 
motion  again,  or  a  modification  of  it,  in  order  that  it  may  come 
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.  up  for  discussion  a  year  from  now,  when  the  time  will  be  ripe  to 
finally  decide  it. 

Ifr.  George  S.  Mo?'!.son. — There  is  one  point  in  this  discussion 
which  I  do  not  think  has  been  brought  forward  as  prominently  as 
it  deserves.  This  Society  has  raised  its  dues  once  before,  in  1S91, 
but  at  that  time  it  raised  them  only  to  the  level  of  those  of  other 
societies  of  like  standing.  The  dues  of  this  Society  and  those  of 
the  American  Society  of  Civil  Engineers  are  $15,  which  is  also 
practically  the  rate  in  the  Institution  of  Civil  Engineers  of 
London.     I  belong  to  all  three  of  these  organizations. 

It  seems  to  me,  however,  that  when  a  societj^  proposes  to  raise 
its  dues  above  what  other  societies  paj',  it  is  a  step  which  should 
be  taken  onl\'  under  extreme  conditions.  To  bring  its  dues  to  the 
rank  and  rate  of  other  societies  indicates  a  healthy  growth  and 
need  not  call  for  much  hesitation.  To  go  bej'ond  this  is  a  very  dif- 
ferent thing.  The  Trmisactiojis  of  the  American  Society  of  Civil 
Engineers  are  issued  twice.  Every  paper  is  sent  out  in  advance, 
before  every  meeting,  and  later  with  full  discussions  in  a  semi- 
annual volume.  While  the  membership  of  that  society  is  not 
much  larger  than  this  one,  it  is  now  able  to  accumulate  a  con- 
siderable surplus  each  year. 

Some  years  ago  I  belonged  to  a  society  of  which  I  am  still  a 
member,  whose  condition,  if  1  have  understood  the  statements  of 
previous  speakers,  was  much  like  that  which  appears  to  face  us 
now.  We  had  fallen  into  the  hands  of  the  printer.  The  person 
who  was  then  the  secretar}'^  of  that  society  was  also  the  printer  of 
its  Transactions.  In  Iiis  capacity  as  secretary  of  the  society  he 
collected  the  dues ;  as  printer  he  turned  his  collections  over  to 
himself  in  payment  of  his  own  bills,  and  always  showed  a 
balance  against  the  society.  What  did  we  do?  We  elected 
Capt.  Robert  W.  Hunt  president,  and  the  whole  matter  was  over- 
hauled, a  radical  change  was  made  in  the  method  of  conducting 
the  society's  work,  and  the  printing  was  put  into  other  hands. 
Since  then  the  society  has  been  prosperous.  I  mention  this 
experience  as  the  sort  of  thing  it  is  sometimes  worth  while  to 
remember. 

Mr.  George  L.  Fowler. — Like  Mr.  Foi'ney,  I  have  been  opposed 
to  this  resolution  since  I  received  the  first  circular  in  August.  On 
ray  own  motion  I  wrote  a  letter  to  many  personal  acquaintances 
in  the  Societ}^  urging  them  to  use  their  iniluence  against  the 
projwsition,  and   suggesting  that   they  circulate  it  among  their 
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own  personal  friends.  The  letter  called  for  no  reply  whatever,  and 
I  did  not  expect  to  receive  anv.  I  thought  that  jiossibly  the  matter 
■would  drop  there,  as  far  as  I  was  concerned.  I  was  much  sur- 
prised and  somewhat  gratified  to  receive  letters  from  all  over  the 
country,  from  men  who  are  holding  prominent  positions  and  men 
who  are  quite  able  to  pay  the  increased  dues  that  are  asked, 
saying  that  they  agreed  with  me  thorougldy,  and  that  they 
thought  it  would  be  a  very  serious  mistake  for  the  Society  to 
increase  the  dues  in  the  way  that  has  been  proposed  by  the 
Council. 

These  men  invariably  state  that  they  themselves  feel  perfectly 
able  to  pay  the  §25  a  year  if  it  was  asked  of  them,  but  the}'  know 
a  large  number  of  members  of  the  Society  who  could  not  and 
would  not  afford  to  pay  it.  Together  with  these  letters  I  have 
received  letters  from  others  saying  that  they  did  not  consider  the 
Transactions  of  the  Society  and  \vhat  they  received  from  it  worth 
more  than  $15,  and  a  great  many  have  said  that  they  did  not 
consider  it  worth  that. 

A  large  number  of  these  men  are  holding  prominent  positions 
on  railways,  and  they  signified  their  intention  of  resigning  in  case 
the  resolution  was  passed,  not  that  they  did  not  want  to  belong 
to  the  Society,  but  that  they  did  not  consider  it  worth  the  money, 
and  they  would  rather  put  it  into  something  else.  The  expenses 
of  every  man  occupying  such  a  position  are  ah-eady  great  for 
Transactions  of  this  kind,  because  he  belongs  to  other  societies ;  it 
is  very  rarely  that  you  find  a  man  occupying  a  prominent  posi- 
tion who  does  not  belong  to  three  or  four  societies  of  the  sort,  the 
value  of  whose  proceedings  are  full}'  equal  to,  if  not  vastly  greater 
than,  those  of  this  Society  for  his  own  special  work. 

Now,  I  think  that  the  members  are  of  course  laboring  under 
something  of  a  misunderstanding  in  regard  to  the  matter.  They 
did  not  know  that  the  Society  was  in  debt,  and  it  came  upon  me 
this  morning,  for  the  first  time,  like  a  tliunder  clap,  that  we  were 
in  that  condition.  I  supposed  we  were  getting  along  and  paj'ing 
our  way.  It  simply  brings  out  what  old  Micawber  so  feelingly 
expressed,  that,  "  Income,  twenty  pounds ;  expenses,  nineteen 
pounds,  nineteen  shillings,  sixpence  ;  result,  liappiness ;  expenses, 
twenty  pounds,  sixpence  ;  result,  misery."  "We  have  been  expend- 
ing our  twenty  pounds  and  sixpence,  and  we  have  got  to  scale 
down  to  our  nineteen  pounds  and  a  fraction  in  oi-der  to  get  back 
into  a  condition  of  happiness. 
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I  think  the  Council  has  been  very  remiss  that  the  members  have 
not  been  informed  in  regard  to  the  actual  status  of  the  Society, 
and  in  sanctioning  expenses  which  have  brought  about  this  con- 
dition of  affairs.  I  have  already  heard  the  sentiments  which  were 
expressed  in  the  letters  received  by  Mr.  Forney  stating  that  they 
did  not  consider  the  value  of  the  proceedings  worth  more  than 
that  which  they  were  already  paying.  The  raising  of  the  dues 
on  a  previous  occasion  has  already  been  alluded  to ;  that  was  done, 
as  this  would  have  been  done  this  morning  had  not  the  proxy 
matter  been  brought  up,  and  I  think  it  is  due  to  the  technical 
press  entirely  that  the  membership  at  large  had  an  opportunity 
to  express  themselves  in  regard  to  this  matter  in  the  way  they 
have.  As  far  as  I  know  they  have  almost  unanimously  expressed 
themselves  as  being  most  emphatically  opposed  to  any  increase  in 
dues,  and  I  have  been  instructed  by  a  number  to  vote  in  that 
way. 

An  allusion  has  been  made  to  the  great  value  of  this  Society, 
and  a  comparison  has  been  made  with  the  increase  of  dues  here 
and  a  parallel  drawn  with  the  billion-dollar  Congress ;  if  ni}' 
recollection  serves  me  right,  the  personal  taxation  was  not 
increased  by  the  billion-dollar  Congress,  but  here  we  propose  to 
increase  our  personal  taxation  at  the  same  time.  The  resigna- 
tions, I  think,  will  be  numerous  if  the  Society  passes  this  measure, 
and  it  will  come  from  men  who  look  upon  the  matter  simply  as 
a  business  transaction,  with  a  total  lack  of  any  sentimental  regai'd 
for  the  value  which  they  may  receive  from  this  Society  from  the 
mere  fact  of  being  a  member. 

There  are  other  societies  in  the  country  that  are  doing  fully  as 
good  work  as  we  are  right  along  the  same  lines,  whose  proceed- 
ings are  valued  fully  as  highly  as  ours,  the  expense  of  whose 
membership  is  very,  very  much  less ;  and  there  are  many  members 
to  whom  the  increase  in  dues  would  be  not  only  oppressive,  but 
almost  prohibitory.  It  is  for  these  reasons  that  1  shall  personally 
vote  against  and  oppose  the  increase  in  dues  as  proposed  by  the 
Council. 

Mr.  William  Kent. — I  have  carefully  listened  to  all  the  argu- 
ments in  favor  of  increasing  the  dues  of  the  Society,  such  as  that 
we  should  pay  a  larger  due  and  be  a  greater  society,  and  should 
conduct  researches  and  do  more  things  than  we  now  do.  The 
only  argument  which  strikes  nie  favorably  is  that  which  brings 
forward  the  fact  that  the  Society  is  in  debt  and  must  have  money. 


NEW   YORK   MEETING.  55 

I  want  to  take  this  occasion  to  criticise  the  method  which  is  used 
in  reporting  the  condition  of  tlie  Society  each  year.  It  seems  to 
me  that  to  a  person  hke  myself,  wlio  has  every  year  taken  pains 
to  look  over  the  Report  of  the  Finance  Committee,  the  condition 
which  Mr.  Towne  has  spoken  of  should  have  been  more  obvious 
and  that  the  members  of  the  Council  have  not  been  much  better 
informed  by  these  statements  than  I  have.  The  current  report 
before  the  Society  this  morning  shows  a  statement  of  receipts  in 
excess  of  the  disbursements,  and  leaves,  therefore,  the  impression 
that  the  disbursements  are  the  total  expenses  of  the  j'ear,  which, 
apparently,  is  not  the  case. 

The  Report  should  have  had  an  additional  table,  showing  our 
indebtedness.  I  have  assumed,  in  the  absence  of  any  tabular 
statement  of  liabilities,  that  the  debts  were  paid  each  3'ear,  and 
do  not  think  that  the  explanatory  note  which  refers  to  the  indebt- 
edness in  the  form  of  the  account  with  the  printer  has  been  as 
definite  as  modern  methods  of  bookkeeping  would  have  made 
clear.  I  would  like  to  call  attention,  further,  to  the  two  state- 
ments which  have  been  made,  that  we  have  been  running  behind 
about  $2,500  a  year  for  the  last  four  years,  and,  from  another 
speaker,  that  by  a  judicious  pruning  of  expenditure  something 
like  $4,000  could  be  saved.  This  means  that,  without  increasing 
the  dues  at  all,  but  by  simple,  economical  administration,  the 
annual  deficiency  might  be  changed  from  $2,500  to  a  surplus  of 
$1,500.     That,  I  should  think,  was  the  thing  to  do. 

Prof.  F.  L.  Emory. — ^We  have  heard  several  speakers  give  the 
views  of  members  outside  of  New  Yoi-k.  I  am  one  who  lives 
outside  of  New  York,  and  will  speak  for  myself.  Those  who 
live  near  New  York  are  supposed  to  get  the  advantages  of  the 
library  and  the  association  and  the  meetings,  which  those  who 
are  far  away  do  not.  The  point  which  I  wish  to  bring  out  is  that 
many  a  member  away  from  the  city,  who  must  come  a  long  dis- 
tance to  get  the  local  benefits,  comes  but  seldom,  and  so  really 
gets  little  except  these  publications.  Now,  to  me  they  are  worth 
more  than  the  dues.  As  a  teacher  I  am  trying  to  bring  before 
young  men  the  knowledge  which  you  have,  trying  to  point  out 
to  them  what  you  know';  and  so  far  the  Society  has  been  very 
generous  to  me.  Every  now  and  then  I  get  papers  to  distribute. 
Any  policy  which  would  decrease  the  usefulness  of  the  Society 
in  that  respect  would  certainly  be  depriving  me  of  much  of  its 
benefit. 
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As  to  how  the  pending  question  should  be  worked  out,  1  have 
not  studied.  I  thought  that  the  Council  were  looking  after  that 
matter,  and  I  believe  that  the  detail  can  be  best  worked  out  by 
them.  As  to  the  policy  of  the  Society,  a  large  society  ought  to 
have  a  large  policy,  and  anything  tending  to  restrict  it  will  be 
detrimental  to  it.  I  sincerely  hope  that  we  will  adopt  no  policy 
which  will  limit  those  away  from  Xew  York  in  the  privileges 
which  they  now  enjoy. 

21r.  George  R.  Stetson. — I  have  in  my  pocket  two  proxies  signed, 
read}'^  to  issue  to  either  party.  I  am  willing,  at  the  present  stage 
of  the  game,  to  let  each  side  work  in  that  way.  I  am  satisfied 
that  this  question  cannot  be  decided  at  this  meeting  without  a 
feeling  which  it  would  be  unfortunate  to  have  exist  in  the  Societj^. 
I  think  that  we  have  had  a  very  fair  discussion  of  the  two  sides 
of  the  question.  I  don't  know  how  it  could  be  represented  any 
more  strongly  in  the  affirmative,  or  what  further  argument  could 
be  brought  forward  in  the  negative  which  would  be  of  any  great 
consequence.  So  far  as  the  membership  of  New  York  City  is 
concerned  and  their  increased  dues,  I  suppose  it  is  a  fact  that  it 
costs  every  member  who  lives  outside  of  the  100-mile  limit  from 
New  York  between  $25  and  |50  a  year  to  attend  these  meetings. 
That  is  something  of  a  tax  which  we  have  to  pay,  but  I  don't 
know  that  New  York  members  are  to  blame  for  being  more  con- 
veniently situated  and  saving  that  money.  I  hardly  think  it 
would  be  satisfactorNJ^  to  them  to  be  taxed  as  a  regular  thing  for 
increased  dues  on  that  account,  although  that  is  a-  common 
practice. 

I  believe  that  the  discussion  has  gone  far  enough.  I  do  not 
believe  that  it  will  be  of  any  value  to  carr}'  it  on  until  afternoon, 
or  to  waste  the  entire  day ;  what  I  do  believe  is  that  there  should 
be  a  readjustment  of  the  conditions  under  which  this  vote  is  to 
be  taken.  I  am  informed  that  it  is  perhaps  not  proper,  under  the 
general  Eules,  to  amend  this  motion  so  that  the  matter  of  these 
dues  can  be  carried  over  to  another  meeting.  I  have  this  sugges- 
tion to  make,  which  I  will  attempt  to  formulate  and  will  submit 
to  the  meeting,  that  this  vote  should  be  taken  now,  and  that  the 
present  motion  should  be  rejected  unanimousl}'.  Then  a  motion 
should  be  made  that  the  Secretar}'  prepare  a  circular,  which 
should  be  issued  to  everv  member,  giving  plainly  the  conditions 
under  which  the  Society  is  now  placed,  with  the  suggestion  that 
he  should  vote  for  cither  the  continuance  of  the  present  dues,  or 
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the  embodiment  of  the  idea  of  Mr.  Towne  that  they  should  be 
raised  about  one-half,  or  the  suggestion  of  the  Council  that  they 
should  be  raised  to  the  dues  as  now  proposed  ;  and  that  every 
member  should  be  asked  to  sign  either  by  cross  or  by  yes  or  no 
at  the  end  of  each  one  of  those  suggestions  which  he  prefers  to 
adopt ;  then  we  should  have  a  fair  expression  at  the  next  meet- 
ing of  the  desire  of  the  Society,  and  under  fair  conditions ;  and 
whatever  that  decision  was  I  feel  that  we  should  submit  to  it 
without  any  feeling  of  hostility.  But  I  do  believe  that  if  the 
vote  is  taken  and  carried  through  one  way  or  the  other  to-day, 
it  will  operate  to  the  detriment  of  this  Societ\' ;  and  I  think 
there  ought  to  be  a  fairer  condition  under  which  those  members 
who  are  not  able  to  be  present  and  are  in  the  more  distant 
districts  shall  have  an  an  opportunity  to  understand  perfectly 
well  what  the  conditions  are  under  which  they  vote,  and  that 
we  should  be  willing  to  submit  perfectly  to  the  opinions  of  the 
majority.  I  believe  that  these  arguments,  with  the  proper  editing, 
should  be  sent  with  the  circular,  and  that  you  will  get  as  near 
touching  the  general  membership  of  the  Society  as  is  possible, 
and  will  get  a  vote  which  will  represent  more  fully  than  is 
possible  in  any  other  way  the  desire  of  the  Society  ;  for  myself, 
I  am  willing  to  go  either  way.  I  think  that  the  discussion  could 
be  carried  on  very  much  further  with  but  very  little  value ;  we 
have  got  both  sides  of  it. 

Mr.  George  W.  CoUes* — I  have  carefully  read  and  re-read  the 
two  circulars  which  have  been  sent  out  by  the  Secretary  and 
Council  respectivelv,  relating  to  this  subject ;  and  while  I  find  set 
forth  therein  a  number  of  arguments  for  increasing  the  dues,  I 
must  confess  I  fail  to  find  the  exact  reason  why  the  increase  is 
demanded.  In  one  place  it  is  stated  that  the  increase  is  abso- 
lutely necessary  to  cover  current  expenses,  while  in  another  it  is 
assumed  apparently  that  the  bulk  of  the  amount  represented  by 
the  increase  will  be  available  for  new  enterprises,  such  as  research 
work,  indexing,  circulating  books,  and  the  like ;  and  in  another, 
for  a  new  society  building. 

It  seems  to  me  that  these  are  considerations  which  should  be 
taken  up  separately.  Thus  the  matter  of  current  expenses  is 
one  which  is  entirely  independent  of  the  question  of  the  desira- 
bility of  engaging  in  new  lines  of  work,  and  both  of  the  question 
of  providing  new  quarters  for  the  Society. 
*  Contributed  in  writing. 
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The  only  one  of  the  several  considerations  put  forward  which 
requires  our  immediate  attention  is  that  of  current  expenses.  The 
other  matters  can  be  safely  deferred  until  further  opportunity  for 
deliberation  and  discussion  can  be  had.  Taking  the  figures  for 
receipts  and  expenditures  given  by  the  Finance  Committee  in 
their  annual  reports,  and  deducting  from  the  latter  the  amounts 
representing  investment,  we  find  : 

Year  Knmber         Average 

ending  Current  Current^  of  Expenditure 

Nov.  15.  Receipts.  Expenditures.  Surplus.  Members,   per  Member. 

1890 $17,44'5  06  $17,332  84  |110  22  1.220  $14  20 

1891 19.80.5  59  18.958  G6  840  93  1,443  13  12 

1893 34,193  09  27.2712)  0,92184  1.569  17  39 

1893 34.035  39  25,208  89  8,826  50  1.650  15  29 

1894 30,858  53  27,455  92  3.402  61  1,690  16  23 

1895 28.908  68  26,833  09  2,075  59  

1896 28.869  03  38,378  76  490  27  1,762  10  65 

1897 28,309  34  26,537  71  1,77153  1,823  14  50 

1888 32,406  87  31,755  82  65105  1.861  17  02 

1899 34, .'542  0"  .32,426  79  2,115  28  1,957  16  .59 

(The  figures  for  1900  are  not  accessible  to  the  writer.) 
From  these  figures  we  see  that  not  only  have  the  current  ex- 
penditures per  member  remained  practically  constant  since  1892, 
but  the  total  expenditures  have  also  been  in  every  case  within  the 
receipts,  leaving  sufficient  margin  for  the  investment  of  $1,000  or 
more  as  a  reserve  fund,  amounting  during  the  aggregate  of  the 
eleven  years  to  over  $27,000,  presumably  all  convertible  into  cash. 
At  the  end  of  1S99  the  Society  held  convertiUe  assets  to  the  amount 
of  over  $53,000,  while  it  had  no  liabilities  other  than  the  custom- 
ary printer's  bill,  which  was  presumably  practically  covered  by 
the  unpaid  membership  fees.  As  the  Society  is  now  on  practicall3^ 
the  same  footing  as  regards  maintenance  and  number  of  members 
that  it  was  in  1899,  it  is  difficult  to  see  why  an  immediate  increase 
of  50  to  00  per  cent,  in  the  dues,  or,  in  fact,  any  increase  at  all, 
should  be  required  merely  to  keep  it  on  that  footing.  The  neces- 
sity, if  such  there  is,  must  evidently  arise  either  from  some  sud- 
den and  unexplained  falling  off  in  the  receipts,  or  from  some 
equally  'sudden  and  unexplained  increase  in  the  expenditures. 
NoAv,  such  sudden  increase,  if  merely  temporaiy,  is  amply  pro- 
vided for  by  the  invested  surplus  of  previous  years,  and  forms  no 
true  basis  for  an  increase  in  the  annual  receipts  inperpehium. 

Another  question  that  is  left  apparently  unanswered  is.  Why 
should  it  cost  vaovQpro  rata  to  run  a  society  with  2.000  members 
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than  one  with  1,000  ?  With  the  same  service  it  ought  to  cost 
less — everybody  will  admit  that.  Granting  that  the  service  has 
been  increased  somewhat  in  the  last  ten  years,  it  is  clear  that 
there  are  large  savings  which  ought  to  be  made,  which  would 
certainly  under  reasonable  suppositions  more  than  offset  the  in- 
creased service.  The  charges  for  the  Society  headquarters,  for 
office  force,  for  library,  for  tj'psetting  and  the  like  remain  nearly 
fixed  and  independent  of  the  number  of  members.  Consequently 
the  cost  per  member  of  running  the  Society  should  decrease  in- 
stead of  increasing.  Yet  the  Secretary's  figures  show  that  the 
direct  and  indirect  expense  for  publications  (?)  per  member  has  in- 
creased from  $11.64  in  1897  to  $18.50  in  1900,  an  increase  of  26 
per  cent.     It  would  seem  that  this  increase  calls  for  explanation. 

The  question  of  the  desirability  of  devoting  a  certain  portion 
annually  of  the  Society's  income  to  engineering  research,  as  well 
as  the  question  of  provitling  a  new  home  for  the  Society,  are  each 
matters  which  should  be  considered  by  themselves  alone,  and  it 
seems  to  me  that  before  anything  at  all  can  be  done,  before  any 
rational  conclusion  can  be  reached  by  the  voting  membership,  we 
should  have  plans,  specifications,  and  estimates  of  just  what  is 
proposed  and  what  sum  is  required,  and  then  only  shall  we  be  in  a 
position  to  decide  intelligently  whether  or  not  the  appropriation 
shall  be  made. 

It  is  by  no  means  my  desire  to  impugn  the  wisdom  of  our  hon- 
ored Council  as  expressed  in  their  decision,  for  which  they  un- 
doubtedly have  what  are,  to  them,  excellent  reasons.  But  it  is 
my  belief  that  a  matter  of  this  sort,  involving  the  expenditure  of 
a  large  sum  of  money,  ought  to  be  decided  by  the  membership 
alone,  for  only  they  can  know  how  they  want  the  Society  con- 
ducted. 

Nor  have  I  any  notion  of  raising  the  poverty  plea,  for  there 
are  surely  few  among  us  who  would  refuse  the  amount  necessary 
to  maintain  our  Society's  rank  and  reputation,  and  fewer  still 
who  would  begrudge  their  annual  contribution.  I  think  we  are 
rich  enough  to  say  that  the  Society  shall  have  what  it  needs  for 
its  maintenance  to  any  reasonable  amount.  But  really  the  ques- 
tion as  to  how  much  the  individual  members  may  feel  the  burden 
(which,  as  our  honorable  Secretary  duly  says,  is  but  three  cents  a 
day),  is  entirely  from  the  point,  and  so  is  the  question  as  to  the 
intrinsic  worth  of  the  membership.  These  arguments  have  noth- 
ing to  do  with  the  cost  of  running  the  Society,  and  merely  tend 
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to  obscure  the  real  issue.  The  question  of  the  expenditures  or 
membership  dues  of  English  societies  has  little  relevancy' ;  but  if 
these  be  taken  as  a  guide,  then  the  dues  of  our  Society  should  be 
left  as  they  are,  for  tlie  regular  fee  of  members  of  the  English  In- 
stitution of  Civil  Engineers  (the  society  cited  in  the  circular)  is 
$15  per  annum,  Avhich  is  increased  to  $20  only  for  residents  of 
London  and  vicinity. 

For  the  reasons  above  given  I  must  record  my  vote  in  oppo- 
sition to  the  proposed  increase  of  dues  at  the  present  time.  I  do 
not  wish  to  be  understood  as  absolutely  disfavoring  any  future 
proposition  to  that  end,  however,  but  merely  until  good  and  suf- 
ficient reasons  therefor  shall  have  been  clearly  set  forth,  together 
with  a  clear  and  definite  plan  of  procedure,  which  can  be  intelli- 
gentl}^  discussed,  and  after  sufficient  time  for  due  deliberation  and 
discussion  thereof  shall  have  been  given  to  the  whole  member- 
ship. 

Mr.  Towne.— It  is  almost  one  o'clock.  We  have  devoted  the 
morning  to  this  discussion,  and  I  agree  with  Mr.  Stetson  that  we 
have  probably  had  as  mucli  talk  as  can  profitably  be  expended  at 
this  time.  There  is  evidently  a  division  of  sentiment  among  the 
membership  on  the  question,  and  it  is  still  more  evident  that  the 
members,  from  the  Council  down  to  the  last  junior,  have  not  at 
the  present  time  sufficient  knowledge  of  the  facts  upon  which  to 
base  intelligent  action.  Mr.  President,  I  am  going  to  move,  and  I 
now  make  the  motion,  that  the  resolution  before  the  house  be  laid 
on  the  table.  I  am  not  going  to  qualify  that  motion,  and  I  hope 
it  will  not  be  amended.  If  laid  on  the  table  it  can  be  taken  up  by 
the  Society  at  any  time  it  pleases.  I  hope  it  surely  will  be  taken 
up  at  the  next  meeting  in  the  spring.  It  could  be  taken  up  at  a 
special  meeting  if  necessar3'.  I  do  not  apprehend  any  difficult}' 
in  the  financing  of  tlie  Society  during  the  interval.  I  am  one,  and 
I  know  there  are  others,  interested  in  the  Society,  who  will  say 
that  it  shall  not  lack  for  the  funds  necessary  to  carry  over  that 
period. 

The  suggestion  made  by  the  last  speaker  that  the  information 
needed  should  be  put  before  the  membership  of  the  Society  at 
large  is  admirable  and  should  be  done  ;  and  I  think  it  requires  no 
motion  to  accomplisii  that.  I  am  sure  I  voice  the  sentiment  of 
the  Council  that  as  soon  as  it  has  that  information  it  will  gladly 
extend  it  to  the  whole  membership,  and  will  feel  its  obligation  to  do 
so.     Therefore,  as  we  have  devoted  half  the  day  to  our  discussion. 
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and  h.ave  reached  a  point  where,  apparently,  a]l  are  contented  to 
take  a  vote  on  it,  and  also  where,  apparently,  if  a  vote  were  taken 
by  ballot  it  would  probably  be  adverse,  and  certainly  would  take 
a  long  time — some  hours — for  the  tellers  to  count  and  record,  in 
order  that  all  that  time  may  be  saved  and  our  session  proceed  to 
other  business,  I  hope  my  motion  to  lay  on  the  table  will  be  sec- 
onded and  will  prevail. 

A  Jfember. — I  second  that  motion. 

A  considerable  discussion  took  place  at  this  point  as  to  the 
advisability  of  lading  the  question  on  the  table  when  proxies  had 
been  specificall}'^  issued  to  so  many  members  with  a  definite  inten- 
tion that  they  should  be  used  at  this  meeting.  While  the  proxies 
give  a  right  to  vote  at  an  adjourned  meeting,  yet  they  also  give 
the  right  to  vote  on  the  question  later,  and  the  decision  of  the 
action  of  the  meeting  on  the  question  to  lay  it  on  the  table  would 
be  as  embarrassing  as  to  bring  up  the  principal  question.  The 
discussion  was  finally  terminated  by  a  withdrawal  of  the  motion 
to  lay  on  the  table  and  by  the  motion  of  the  previous  question. 
This  carried  with  it  the  vote  by  ballot  upon  the  original  proposi- 
tion to  amend,  and  on  being  put  by  the  chair  was  unanimously 
carried.  The  chair  appointed  Messrs.  L.  R.  Pomero}%  F.  J.  Miller, 
and  II.  H.  Suplee  tellers.  Instructions  were  given  that  each  proxy 
required  a  ballot,  to  be  signed  with  the  name  of  the  sender  of  the 
proxy  and  by  the  name  of  the  member  holding  it.  The  proxy  was 
to  be  pinned  to  the  ballot. 

The  meeting  thereupon  took  a  recess  in  order  that  the  polls 
might  be  open  a  sufficient  time,  and  adjourned  until  three  o'clock, 
at  which  time  the  polls  were  to  be  closed. 

After  the  recess  President  Wellman  called  the  meeting  to  order. 

Mr.  JI.  R.  Towne. — In  view  of  the  fact  that  before  the  recess 
and  during  its  continuance  suggestions  have  been  informally  made 
for  a  committee  to  be  appointed  to  investigate  the  financial  con- 
dition of  the  Society,  it  would  seem  fitting  that  I  should  report 
to  the  meeting  that  the  Council,  at  a  meeting  j'esterda}',  passed 
resolutions  authorizing  the  appointment  of  a  committee  to  inves- 
tigate the  finances  of  the  Society  and  examine  its  svstem  of 
accounts.  It  was  the  object  of  the  appointment  of  this  committee 
that  the  Council  should  be  more  easily  able  to  scrutinize  the  state- 
ments of  the  condition  of  the  Society  at  any  time,  and  inaugurate 
the  practice  of  placing  statements  of  this  sort  before  the  members 
annually. 
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Mr.  Albert  A.  Gary  moved  that  a  resolution  be  passed  approv- 
ing the  action  of  the  Council. 

A  resolution  proposing  that  a  special  committee  should  be  ap- 
pointed to  make  a  general  investigation  of  the  Society's  expendi- 
tures and  report  at  the  next  regular  meeting  was  not  seconded. 

Mr.  C.  W.  Baker  gave  notice  of  his  purpose  to  present  the  fol- 
lowing amendment  to  the  Rules,  to  come  up  for  consideration  and 
action  under  the  present  provisions  of  Article  45. 

Strike  out  Ai'ticle  45,  and  substitute  in  its  place  the  following  : 

At  any  regular  meeting  of  the  Society  any  member  may  propose  in  writing 
an  amendment  to  these  Rules,  a  copy  of  surh  amendment  having  been  filed  with 
the  Councilnt  least  ten  days  before  the  opening  of  said  meeting.  Sueh  amendment 
shall  be  takeii  up  by  the  Society  at  a  following  session  of  the  same  meeting  and 
shall  be  subject  to  discussion  and  amendment  and  to  final  acceptance  or  rejection 
by  a  majority  vote  of  the  members  present  and  voting.  If  it  is  finally  accepted, 
it  shall  be  submitted  to  a  letter  ballot  of  the  entire  voting  membership  of  the 
Society,  such  ballots  to  be  sent  out  at  the  same  time  as  the  next  succeeding 
ballot  for  the  election  of  members.  A  majority  of  the  ballots  cast  shall  adopt  or 
reject  the  amendment. 

Mr.  C.  W.  Hunt  called  attention  to  the  fact  that  the  proxies 
used  at  the  present  meeting  are  in  accordance  with  the  corporation 
laws  of  the  State  of  New  York,  and  that  no  provision  of  the  Eules 
arranging  for  a  letter  ballot  could  prevent  any  member  from 
appointing  a  proxy  to  act  for  him  at  any  meeting  of  the  members 
of  the  Societ}',  and  that  the  holder  of  such  proxy  could  vote  on 
all  motions  coming  up  before  the  meeting. 

Mr.  Baker,  in  reply,  stated  that  his  amendment  was  intended 
to  do  away  with  the  inducement  to  use  the  proxy  as  a  method  of 
expressing  opinion  or  desires,  by  making  all  changes  in  the  Kules 
come  of  necessity  before  the  entire  membership  by  the  letter- 
ballot  method.  This  would  not  prevent  the  use  of  proxies  if  mem- 
bers wished  to  give  them  or  have  them  used,  but  would  avoid 
the  probability  of  their  being  used,  and  avoid  also  the  delay  in 
taking  the  vote,  which  had  been  made  evident  at  the  present 
meeting.  Under  the  provisions  of  that  amendment  Mr.  Baker 
asked  that  the  meeting  give  its  sense  as  to  whether  an  amend- 
ment of  this  sort  should  be  adopted.  On  motion  it  was  resolved 
that  it  was  the  sense  of  the  meeting  that  this  amendment  should 
be  adopted,  and  in  that  form  the  resolution  was  passed,  with 
the  understanding  that  it  was  an  informal  vote  to  obtain  the 
opinion  of  the  members  present  on  the  (|uestion  involved. 
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On  motion  the  meeting  adjourned  to  0.45  on  the  morning  of 
Thursda}',  December  5th. 


APPENDIX. 

AjyrENDMENTS  PKorosED  BY  Gus.  C.  Henning. 

PROPOSED  STATUTES 

OF  THE 

AMERICAN    SOCIETY    OF    MECHANICAL    ENGINEERS. 

I.    Name,  Corporate  Residkkce,  Objects,  and  Organization  of  the  Society. 

Artieh  1. 

The  name  of  the  Society  shall  be  "Tlie  Aracric.in  .Society  of  Mechanical 
Engineers." 

The  corporate  residence  shall  be  New  Tork,  N.  Y.,  U.  S.  A. 

Article  2. 

The  objects  of  the  Society  are  the  intellectual  cooperation  of  American  En- 
gineers for  the  benefit  of  manufacturing  industries  and  the  enhancement  of  the 
profession. 

The  attainment  of  these  objects  shall  be  furthered  : 

(a)  By  meetings  and  transactions  of  the  Society  and  of  its  sections. 

(h)  By  the  publication  of  a  journal. 

(c)  By  circulating  jouroals,  reading-rooms  and  libraries. 

(d)  By  announcing  prize  studies,  and  encouragement  of  investigations  for  the 
determination  of  important  engineering  questions. 

{e)  By  assisting  the  publication  of  engineering  literature. 

(/)  By  other  procedures  tending  to  advance  the  objects  of  the  Society. 

Article  3. 

For  the  better  realization  of  its  objects,  the  Society  shall  create  local  sections 
among  its  members, 

II.    Funds. 
Article  4. 

The  available  means  at  the  disposal  of  the  Society  for  the  advancement  of  the 
objects  stated  in  Article  2  are  : 

(a)  The  Society  House,  value 

(J)  The  Fund,  value 

(c)  The  Library  and  Literary  Fund,  value 

(d)  Receipts  from  publications 

(e)  Initiation  Pees,  Annual  Dues,  and  Life  Membership  Dues  — ^ 
(/)  Other  sources  and  donations 
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111.     Membership. 

Article  5. 

Tlip  Society  shall  consist  of  Honorary  Members,  Members,  Assoeiates,  and 
Juniors. 

Artirle  6. 

(a)  Full  membership  is  open  to  all  persons  not  less  than  thirty  years  of  age  so 
connected  with  engineering  as  to  be  competent  as  designers,  constructors,  or  tech- 
nological managers,  and  to  instructors  in  engineering  who  have  taught  for  at 
least  five  years. 

(b)  Associate  membership  is  open  to  all  persons  at  least  twenty-six  years  of 
age,  having  the  other  qualifications  for  membership,  who  shall  have  been  so  con- 
nected with  engineering  as  to  be  competent  to  take  charge  of  work  and  are 
actlrely  interested  in  engineering. 

{<■)  Junior  meraberthip  is  open  to  all  persons  who  have  such  engineering  ex- 
perience as  will  enable  tliem  to  fill  a  responsible  position,  or  who  are  graduates  of 
an  engineering  school. 

((/)  Honorary  membership  may  be  offered  to  not  more  than  twenty-five  persons 
of  acknowledged  professional  eminence. 

Ariicle  7. 

Membership  begins  upon  payment  of  initiation  fees  and  the  first  annual  dues. 
All  Honorary  Members,  Members,  and  Associates  shall  be  equally  entitled  to  the 
privileges  of  membership.  Juniors  shall  not  bo  entitled  to  vote  nor  hold  office  in 
the  Society. 

Article  8. 
Same  as  No.  9,  present  Rules. 

Article  9. 

A  candidate  for  admission  to  the  Society  (same  as  No.  10). 

A  candidate  for  admission  to  any  section  of  the  Society  shall  make  application 
to  the  section  he  proposes  to  join  in  the  same  manner,  and  his  election  shall  then 
be  approved  by  the  Council  of  the  National  Society  \ipon  recommendation  of  liis 
section. 

Ariicle  10. 

Same  as  old  No.  11 ;  and  add  :  referees  for  candidates  for  sections 

shall  make  similar  communications  to  tlic  Section  Councils. 

Article  11. 
Same  as  old  No,  13,  and  add  same  for  Sections. 

Article  12. 

Same  as  old  No.  13. 

Article  13. 

Same  as  old  No.  14. 

Article  14. 

Same  as  old  No.  15. 

Article  15. 

Same  as  old  No.  IG  ;  but  voted  upon  by  members  of  Advisory  Council. 
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Article  16. 
Same  as  old  No.  17. 

Article  17. 
Same  as  old  No.  18. 

Article  18. 

Membership  ceases,  besides  by  death  : 

(a)  By  resignation,  in  writing,  to  the  Secretary  of  the  National  Society. 

(J)  As  in  old  Article  19. 

(c)  By  resolution  of  Advisory  Council,  in  case  a  member  violates  his  duties  as 
a  member,  or  has  shown  himself  unworthy  of  tlie  respect  of  his  fellow-members. 

(d)  By  loss  of  citizenship  because  of  legal  decisions  against  him  to  that  effect. 
Or  exclusion  is  to  be  served  on  the  respective  person  by  a  letter  from  the 

Council. 

IV.      MANAGB.MENT   OP   THK   SOCIETY. 

Article  19. 

The  affairs  of  the  Society  shall  be  managed  by — 

(1)  The  Council  (Article  20). 

(2)  The  Advisory  Council  (Article  23). 
(.3)  The  General  Meeting. 

The  management  of  the  business  of  the  Society  shall  be  entrusted  to  a  salaried 
Secretary-Treasurer,  and  shall  be  located  in  New  York  City. 

Article  20. 

Tlie -Council  shall  consist  of  the  President  of  the  Society,  two  Vice-Presidents, 
and  three  Managers. 

Article  21. 

Members  of  the  Council  shall  be  nominated  from  the  general  membership  by 
the  Advisory  Council,  and  elected  by  the  members  present  at  the  Annual  Meeting. 
Ajt  each  Annual  Meeting  there  shall  be  elected  the  President,  one  Vice-President, 
and  one  Manager ;  thus  making  the  terms  for  President  one  year,  for  Vice-Presi- 
dent two  years,  and  for  Managers  three  years. 

Members  of  Council  may  not  be  reelected  for  the  term  immediately  following. 
The  Annual  Meeting  may,  however,  remove  this  limitation  as  regarding  one 
Manager  and  designate  the  latter  as  elected  for  an  indefinite  period.  This  Man- 
ager shall  be  designated  as  the  "  Curator,"  and  he  shall  lie  considered  as  reelected, 
provided  no  motion  for  a  substitute  has  been  offered.  Should,  however,  a  substi- 
tute be  offered,  an  election  shall  be  held. 

Should  no  Annual  Meeting  take  place,  the  members  of  Council  shall  hold  over. 

Article  23. 

Should  a  Member  of  Council  die  or  resign  before  the  expiration  of  his  term, 
the  Council  shall  elect  another  member  to  fill  the  unexpired  term  of  this  Councillor. 
Such  election  by  the  Council  may  be  by  letter  ballot. 

The  Council  directs  the  Society,  and  represents  it  when  dealing  with  govern- 
mental bodies  or  private  persons,  in  all  matters,  and  also  in  business  in  which 
the  laws  require  a  power  of  attorney  to  be  properly  represented. 

Documents  which  bind  or  obligate  the  Society  financially  shall  be  signed  on 
behalf  of  the  Society  by  the  President  and  a  second  member  of  Council,  ancl 
countersigned  by  the  Secretary-Treasurer. 
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Article  23. 

The  Advisory  Council  shall  consist  of  the  Council  and  delegates  of  the  sec- 
tions. 

Article  24. 

Every  section  has  the  right  to  elect  one  delegate  for  each  250  members,  to  act 
as  representatives  on  the  Advisory  Council,  each  with  a  single  vote.  These  repre- 
sentatives and  their  substitutes  shall  bo  elected  annually.  In  case  any  delegate 
resigns  or  leaves  the  section  he  represents,  it  shall  immediately  elect  a  substitute. 

Article  2.5. 

The  Advisory  Council,  but  especially  the  Council,  shall  make  it  their  duty  to 
advance  the  interests  of  the  Society  in  every  manner  permitted  by  the  Statutes. 

The  Advisory  Council  decides  all  matters  delegated  to  it  (Articles  8,  18,  21, 
27,  31,  33,  43,  48,  49,  53,  54),  submitted  by  the  Council  or  by  the  General 
Meeting. 

Article  26. 

Tlie  Advisory  Council  shall  meet  at  least  once  a  year,  in  any  case,  in  connec- 
tion with  the  General  fleeting,  and  at  the  place  where  it  is  held,  and  also  upon 
request  of  the  Chairman,  which  may  be  issued  at  any  time  upon  the  written  request 
of  one-fourth  of  all  members  ot  the  Advisory  Council,  and  within  eight  weeks 
of  such  request.  The  place  of  meeting  in  such  case  shall  be  decided  by  the  Chair- 
man.  The  Chairman  may,  when  it  appears  suitable  to  him,  call  a  letter  ballot  of 
its  members  when  the  Advisory  Council  has  not  assembled  in  meeting. 

Article  27. 

The  President  of  the  Society  calls  and  presides  at  the  Council  meetings  and 
those  of  the  Advisory  Council,  as  well  as  at  General  ftleetings.  With  the  consent 
of  the  Advisory  Council,  he  has  the  right  of  calling  extra  General  Mcb^ings 
in  urgent  cases,  at  designated  places.  Council  meetings  shall  convene  upon  at 
least  eight  days'  notice,  those  of  the  Advisory  Council  upon  at  least  fourteen  days' 
notice  by  registered  letter,  addressed  to  every  member,  stating  the  order  of  busi- 
ness.    The  General  Meetings  shall  be  called  as  in  Articles  42  and  43. 

Article  28. 

Five  members  of  the  Council  shall  constitute  a  quorum  ;  one  half  the  number 
of  members  of  the  Advisory  Council  shall  constitute  its  quorum.  In  all  voting  a 
majority  shall  rule  ;  if  a  tie  exists  the  Chairman  shall  cast  the  deciding  vote  or, 
in  case  of  elections,  the  deciding  ballot. 

Members  of  Council  may  vote  by  letter  transmitted  to  the  Secretary,  if  un- 
avoidably absent.  Minutes  of  the  proceedings  of  tiiese  meetings  are  to  be  ke|it_ 
which  are  to  be  signed  by  the  Chairman  and  the  Secretary  appointed  by  the  Chair- 
man after  approval  by  the  meeting,  and  then  to  be  tiled  in  the  archives. 

Article  30. 

The  fiscal  year  shall  begin  on  January  1st.  The  Annual  Meeting  shall  select 
two  Auditors  and  two  substitutes  from  those  members  not  already  holding  office, 
whose  duty  it  shall  be  to  audit  all  books  and  accounts  for  the  current  year. 
Should  no  Annual  Meeting  take  place  in  any  one  year,  the  previously  elected 
Auditors  shall  continue  in  their  offices  for  that  year  also. 
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Article  31. 

Members  of  Council  and  officers  shall  be  those  mentioned  in,  and  to  be  elected 
as  in,  Articles  20,  21,  23,  omitting  the  Treasurer  and  the  Secretary. 

The  Council  shall  elect  by  a  majority  of  votes  a  Secretary  whose  duty  it  shall 
be  to  keep  its  minutes  without  compensation.  The  offices  of  the  Councillors  shall 
be  honorary;  the  Curator  alone  shall  receive  compensation  previously  agreed  upon 
by  the  Council  and  included  in  the  annual  estimate  of  expenses. 

Article  32. 
The  Council  sliall  supervise  the  finances  of  the  Society.     Complaints  relating 
to  the  actions  of  the  Secretary-Treasurer  are  to  bo  submitted  to  the  Council. 

Article  33. 
The  Secretary-Treasurer  shall  be  elected  by  the  Advisory  Council,  which  also 
shall  arrange  all  contracts  and  salaries  covered  by  the  annual  estimates  in  con- 
junction with  the  former.  The  Secretary-Treasurer  shall  look  after  the  affairs  of 
the  Society  under  directions  from  the  Council.  Should  ho  become  disabled  he 
shall  be  replaced  by  action  of  the  Council. 

Article  34. 
The  Secretary-Treasurer  shall  have  a  consultative  voice  in  all  meetings  of 
Council,  of  Advisory  Council,  and  of  the  representatives  of  Sections  (Article  45). 

Article,  35. 
The  duties  of  the  Council  and  of  its  members  of  the  Advisory  Council  and  of 
the  Secretary-Treasurer,  when  not  covered  by  these  Rules,  shall  be  regulated  by 
special  resolutions.      Such  special  resolutions  shall   be  ratified  by  the  Annual 
Meeting.' 

V.     Rights  and  Duties  of  Members. 
Article  36. 
Every  Member  shall  be  furnished  gratis  with  a  copy  of  the  Statutes  and  of  the 
Rules,  upon  his  admission  to  the  Society,  and  of  changes  when  made  therein. 

Article  37. 
Every  Member,  Associate,  and  Junior  shall  pay  initiation  fees  as  at  present. 
(See  Articles  18  and  19.)  Of  these  initiation  fees  $10  shall  be  paid  to  the  sectional 
Society  which  the  Member  or  Associate  first  joins.  Juniors  shall  pay  $5  to 
same  fund.  Should  a  member  desire  to  rejoin  the  Society,  the  Council  shall  decide 
the  possible  request  for  remission  of  initiation  fees. 

Article  38. 
Each  Member  and  Associate  shall  pay  annual  dues  (as  in  Articles  18  and  19  of 
Rules).  Of  these  amounts.  Members  and  Associates  shall  pay  $5  and  Juniors  $3  to 
the  section  they  first  join.  Life  Membership  remains  same  as  in  Article  IS.  Should 
any  person  be  a  member  of  several  sections,  then  his  share  of  annual  dues  shall  be 
paid  to  that  section  which  he  may  select. 

Article  39. 
The  General  (annual)  Meeting  may  change  the  amounts  stated  in  Articles  37 
and  38,  by  a  two-thirds  vote,  provided  that  written  notice  of  the  proposed  amend- 
ment shall  have  been  given  at  a  previous  meeting. 
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Article  40. 

Every  Member  shall  have  the  right  of  one  vote  at  every  General  Meeting  and  is 
eligible  to  every  office. 

Article  41. 

Every  Member  is  entitled  during  the  period  in  which  he  pays  his  dues  to  one 
copy  of  the  publications  of  the  Society  free  of  charge.  It  is  the  duty  of  every 
member  to  send  his  postal  address,  as  well  as  any  changes  thereof,  to  the  Society 
headquarters. 

VI.     Meetings. 

Article  43. 

There  shall  be  one  Annual  Meeting  and  at  least  one  other  General  Meeting 
each  year.  The  Annual  Meeting  shall  always  be  held  at  New  York  ;  General 
Meetings  shall  be  held  at  places  to  be  selected  by  the  Council  and  announced  at 
the  preceding  Annual  Meeting. 

Motions  to  be  discussed  at  these  meetings  shall  be  handed  to  the  President,  in 
writing,  at  least  ten  weeks,  and  notice  thereof  shall  be  sent  to  the  members  at  least 
two  weeks  in  advance  of  such  meeting.  The  order  of  business  shall  be  distributed 
among  the  membership  at  least  two  weeks  in  advance  of  eveiy  meeting. 

Should  these  motions  relate  to  the  dissolution  of  the  Society,  they  shall  be 
presented  in  writing  at  one  meeting,  discussed  at  the  next,  and  thereupon  acted 
upon  by  the  entire  membership  by  letter  ballot. 

Article  43. 

Additional  General  Meetings  shall  be  called  by  the  President  upon  the 
written  request  of  at  least  one-third  of  all  the  sections,  and  only  after  at  least  one 
month's  notice  to  all  members. 

Article  44. 

Every  such  General  Meeting  shall  have  power  to  adopt  resolutions,  provided  a 
quorum  be  present,  regardless  of  the  number  of  members  present.  In  a  General 
Meeting  in  which  the  dissolution  of  the  Society  shall  be  discussed,  at  least  one- 
fourth  of  the  total  membership  shall  be  present  to  make  its  action  binding. 
Should  this  not  be  the  case  and  the  motion  to  dissolve  not  be  withdrawn,  then 
another  meeting  shall  be  called  within  three  months,  with  the  same  order  of 
business,  upon  two  notices,  one  issued  two  weeks  and  one  a  week  previous  to  such 
meeting.  This  meeting  shall  then  have  power  to  act  regardless  of  the  number  of 
members  present,  and  this  fact  shall  be  specially  mentioned  in  each  notice  of 
such  meeting. 

Article  45. 

All  questions  relating  to  the  internal  affairs  or  the  finances  of  the  Society,  its 
rights,  or  obligations,  are  subject  to  the  action  of  the  General  Meeting,  unless 
otherwise  specially  provided  for  in  the  Rules.  All  other  questions  not  relating  to 
these  matters  shall  be  determined  upon  decision  of  the  Council  if  it  does  not 
consider  itself  competent  to  decide  them,  by  obtaining  the  views  of  the  sections, 
or  by  representatives  of  the  latter  in  meeting  assembled.  Memliers  of  Council 
shall  have  voice  and  vote  in  these  meetings,  to  which  experts  and  interested  parties 
may  be  invited  by  the  Council  to  present  their  views.  The  first  sentence  of  this 
Article  shall  not  afiEect  actions  taken  by  the  Council  under  Article  25. 
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Article  46. 
The  same  rules  relating  to  meeting  of  the  Advisory  Council  shall  apply  to 
calls,  management,  and  actions  of  meetings  of  representatives  of  sections,  and  to 
the  proportion  of  representatives  at  the  same  (Articles  25,  26,  27). 

Article  47. 
Subjects  for  action  at  the  Annual  Meeting  are: 

(a)  Reception  of  annual  accounts,  and  approval  thereof. 

(b)  Adoption  of  annual  estimates  of  expenses. 

(c)  Provision  for  unusual  expenses. 

(d)  Election  of  Council,  Auditors  and  Honorary  Members. 

(e)  Reports,  discussions,  resolutions  relating  to  the  affairs  of  the  Society,  espe- 
cially regulations  of  annual  dues. 

(/)  Papers  on  and  discussion  of  important  engineering  subjects  and  of  technical 
sciences. 

ig)  Amendments  to  the  Rules  and  possible  dissolution  of  the  Society. 

(h)  Selection  of  the  next  meeting  place. 

(»)  Visits  to  engineering  establishments. 

(7)  Social  meetings  for  purpose  of  cultivating  acquaintance  among  members. 

Article  48. 
All  resolutions  to  be  acted  upon  by  the  Annual  Meeting  shall  previously  be 
discussed  by  the  Advisory  Council  and  presented  by  it  for  adoption  or  rejection 
in  proper  form.     Amendments  suggested  during  such  meeting  shall  be  treated 

in  similar  manner. 

Article  49. 

Resolutions  other  than  those  relating  to  changes  of  Rules  or  the  dissolution  of 
the  Society  may  also  be  brought  up  for  discussion,  even  when  not  brought  to  the 
notice  of  members  as  specified  in  Articles 42  and  43,  but  only  in  case  their  urgency 
be  recognized  by  a  majority  of  the  members  present.  Such  resolutions  also  require 
the  approval  of  the  members  present  and  of  the  Advisory  Council  before  adoption. 

Article  50. 
Amendments  to  the  Rules  require  a  two-thirds  majority  of  members  presenrat 
an  Annual  Meeting  for  their  adoption. 

Article  .^1. 
Jlembers  of  Council  shall  be  elected  separately,  by  secret  ballots,  the  President 
having  the  deciding  vote.     The  election  of  auditors  shall  be  by  one  ballot  con- 
taining all  names. 

A  Hide  52. 

Minutes  are  to  be  kept  at  all  Annual  Meetings,  which  are  to  be  approved  by  the 
members  of  Council  present  and  three  members  of  the  Advisory  Council  designated 
by  it,  drawn  up  by  them,  and  shall  be  filed  in  the  archives. 

Sections. 

Article  53. 

These  Rules  of  the  Society  are  binding  in  all  its  Articles  on  the  section.     The 

sections  are  bound  to  further  the  objects  of  the  Society,  as  laid  down  in  Article  2, 

in  their  respective  districts.     The  sections  are  managed  by  Councils.     The  Conn- 
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cillors,  the  delegates  to  the  Advisory  Council  (Article  25),  and  representatiTes  of 
sections  (Article  45)  are  elected  according  to  the  By-Laws  of  each  section.  These 
By-Laws  shall  be  approved  by  the  Council,  which  procures  the  decision  of  the 
Advisory  Council  in  doubtful  cases. 

Membership  in  a  section  may  be  regulated  by  election  according  to  its  By- 
Laws,  even  in  cases  where  applicants  are  already  members  of  the  Society.  Like- 
wise these  By-Laws  provide  for  exclusion  from  the  sections. 

Article  54. 
At  least  40  members  shall  be  necessary  to  form  a  new  section,  as  well  as  the 
approval  of  the  Advisory  Council. 

Article  55. 
Every  regular  member  of  a  section  is  at  the  same  time  a  member  of  the  Society. 
Special  members  of  sections  neither  possess  rights  nor  have  they  any  duties  toward 
the  Society. 

VIII.  Publications. 
Article  56. 

The  publications  shall  provide  opportunities  to  keep  track  of  progress  of  indus- 
tries and  technical  journals,  and  to  discuss  scientific  questions  of  interest. 

Article  57. 
Rules  relating  to  the  appearance  and  editing  of  the  publications  shall  be  made 
by  the  Annual  Meeting. 

IX.  Reserve  Fund. 

Article  58. 

The  Society  shall  create  a  reserve  fund  of  at  least  .f         .  ,  and  shall 

replenish  it,  should  it  at  any  time  be  reduced  below  this  figure.  The  amount  of 
this  fund  may  be  increased  by  resolution  at  a  general  meeting. 

This  fund  is  to  be  created  by — 

(1)  The  Society's  share  of  initiation  fees  (Article  37). 

(3)  Ten  per  cent,  of  the  Society's  share  of  annual  dues  (Article  38). 

(3)  By  interest  on  funds  in  hand. 

(4)  By  donations  and  Life  Memberships. 

Whenever  this  fund  has  been  created,  items  as  per  1,  2,  3,  and  4  shall  be 
devoted  to  developing  the  working  capital. 

The  reserve  fund  is  to  be  used  for  current  expenses  of  the  Society  whenever  the 
working  capital  and  receipts  are  insuificient. 


RULES 
Ooverning  the  Management  of  the  Society  under  the  Statutes. 

CoKCERNijJG  in.     Memberships. 

No.  1.  Notice  of  candidacy  for  memberships  in  the  Society  shall  be  sent  to  the 
Council  of  the  section,  should  the  person  desire  to  join  such,  which  sends  imme- 
diate notice  thereof  to  the  Society  headquarters,  otherwise  to  the  headquarters  in 
New  York,  direct,  and  whicli  shall  enter  the  name  upon  the  rolls  immediately  after 
election. 
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No.  2.  Such  enrollment  shall  be  published  in  the.  publication,  and  a  member- 
ship certificate  furnished  the  candidate  after  he  shall  have  complied  with  Articles 
37  and  38.  Such  certificates  shall  be  signed  by  the  President  and  the  Secretary- 
Treasurer. 

No.  3.  Notice  of  exclusion  of  a  person  from  membership  shall  be  signed  by 
the  Council  (Article  18). 

No.  4.  Notice  of  election  to  Honorary  Membership  and  certificate  of  same  shall 
be  issued  by  the  Council. 

Concerning  IV.     Management  or   the   Societt. 

No.  5.  Council  meetings  shall  be  called  upon  at  least  eight  days'  notice,  those 
of  the  Advisory  Council  upon  fourteen  days'  notice  (Article  26).  A  detailed  order 
of  business  shall  be  sent  to  the  members  with  the  call.  Orders  of  business  of  the 
Advisory  Council  shall  be  prepared  by  the  Council.  Matters  relating  to  the  Society, 
to  be  presented  by  members  of  the  Advisory  Council,  shall  be  previously  submitted 
to  the  Chairman. 

No.  6.  Two  Recorders  are  to  be  appointed  for  meetings  of  the  Advisory  Coun- 
cil (Article  27).  Each  member  thereof  shall  promptly  receive  one  copy  of  the 
minutes.  These  minutes  may  also  be  taken  down  by  a  stenographer  and  extracts 
thereof  approved  by  the  Chairman  and  then  published.  Such  stenograms  shall  Ijc 
preserved  with  above  records. 

No.  7.  These  extracts  to  be  published  may  be  joined  to  limiting  resolutions 
adopted  by  the  Advisory  Council. 

No.  8.  Official  communications  among  the  Council  shall  be  by  circular  letter. 
Each  member  of  Council  shall  have  the  right  to  request  the  issue  of  such  letter  by 
the  Chairman. 

After  its  circulation  the  letter  shall  be  returned  to  the  Chairman  for  further 
disposition,  or  to  the  Secretary-Treasurer  in  case  its  execution  by  the  latter  is  a 
matter  of  course,  in  case  of  unanimous  approval  of  election  to  the  Society.  Any 
expressions  of  opinion  of  individual  members  of  Council  shall  be  transmitted  to 
all  other  members. 

No.  9.  The  Council  shall  meet  as  required  in  any  case  previous  to"the  Annual 
Meeting,  as  well  as  in  connection  with  meetings  of  the  Advisory  Council  and  Gen. 
eral  Meetings.  A  Councd  meeting  may  be  called  upon  request  of  a  majority  of  its 
members,  or  by  its  Chairman. 

No.  10.  Besides  the  Secretary-Treasurer,  who  assists  at  meetings  of  the  Council 
and  Advisory  Council  (Article  34),  other  members,  experts,  and  interested  persons 
may  be  requested  to  be  present  to  discuss  special  questions  which  may  have  been 
submitted. 

No.  11.  Complaints  regarding  omissions  or  commissions  of  the  Council,  which 
may  be  sent  to  the  latter  direct,  shall  be  submitted  by  the  Chairman  to  the  Ad- 
visory Council  for  action  at  its  next  meeting,  in  case  his  personal  explanations  have 
not  been  satisfactory. 

No.  12.  It  shall  be  the  duty  of  the  Curator,  as  permanent  member  of  the 
Council,  to  maintain  surveillance  over  the  entire  activity  of  the  Society  in  compli- 
ance with  the  statutes  and  traditions.  Should  the  Society  fail  to  elect  a  Curator 
(Article  21),  the  Council  shall  assume  his  duties  and  divide  them  among  its  members. 

No.  13.  The  Secretary-Treasurer  shall  look  after  not  only  those  matters  men- 
tioned in  these  Rules,  but  also  all  Society  business  not  otherwise  provided  for  ; 
editing  all  publications,  arranging  and  managing  financial  matters,  and  examining 
all  bills.     He  shall  present  to  the  Council  for  its  examinations  and  approval  the 
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financial  reports  for  the  current  year,  as  well  as  a  financial  estimate  for  tlie  suc- 
ceeding one.  This  estimate  shall  contain  an  item  for  incidental  or  unforeseen 
expenses.  Annual  financial  statement  and  estimate  of  expenses  shall  be  published 
in  the  Journal  in  advance  of  the  annual  meeting. 

No.  13a.  The  Secretary-Treasurer  shall  be  responsible  for  the  proper  execu- 
tion of  the  resolutions  of  Council  relating  to  investment,  care  of  and  management 
of  the  Society  funds,  as  well  as  the  disposition  thereof  according  to  the  Statutes 
and  the  annual  estimate. 

No.  14.  Disbursement  not  provided  for  in  the  estimate  adopted  at  the  Annual 
Meeting  shall  be  passed  upon  by  the  Council.  Should  unforeseen  circumstances 
materially  alter  the  adequacy  of  the  estimate,  the  Secretary-Treasurer  shall  notify 
the  Council  in  ample  time  that  it  may  take  proper  action. 

No.  15.  OtRcial  correspondence  without  the  membership,  such  as  memorials 
to  governmental  functionaries,  etc.,  shall  be  signed  by  the  President  and  the 
Curator,  or  their  deputies.  Should  the  Secretary-Treasurer  also  be  interested  in 
these  communications  he  shall  sign  them  as  well. 

No.  16.  Headrjuarters  shall  take  care  of  all  correspondence  between  the 
Council,  the  Advisory  Council,  and  the  sections. 

Communications  between  the  Council  and  the  sections  shall  bo  signed  by  the 
President  and  the  Secretary-Treasurer,  or  their  deputies. 

The  Secretary-Treasurer  shall  sign  all  letters  and  papers  under  a  stamp  : 

The  A.  S.  M.  E., 

by  the  Secretary-General. 
[Signature] 

Editorial  letters  relating  to  the  publication  of  the  Journal : 

The  Editor  of  the  Journal,  A.  S.  M.  E., 
[Signature] 

No.  17.  The  Secretary-Treasurer  shall  assist  the  Council  in  preparing  and 
carrying  out  its  resolutions,  and  call  its  attention  to  matters  which  require  its 
attention  in  order  to  protect  the  interests  of  the  Society. 

No.  18.  The  Chairman  has  the  privilege,  upon  an  arrangement  with  the 
Council,  to  grant  leave  of  absence  to  the  Secretary-Treasurer  from  time  to  time, 
whose  application,  therefor,  shall  make  provision  for  handling  necessary  Society 
business  during  his  absence. 

No.  19.  When  certain  matters  in  the  care  of  the  Secretary-Treasurer  shall  be 
turned  over  to  other  persons  with  his  consent,  they  shall  act  only  in  his  name  and 
under  his  responsibility. 

No.  20.  Complaints  relating  to  acts  of  the  Secretary-Treasurer  shall  be  sub- 
mitted to  the  Council.  The  latter  shall  decide  after  hearing  the  Secretary-Treas- 
urer.    Appeal  may  be  taken  from  the  decisions  of  Council  to  the  Advisory  Council. 

No.  21.     Assistants  and  employees  provided  for  in  the  estimate  shall  be  secured 
under  written  contracts  by  the  Secretary-Treasurer,  to  be  approved  by  the  Council. 
The  Council   shall  also  approve  of  the  duties  of  the  employees  and  of  their 
hours  of  labor,  which  they  shall  then  observe. 

The  Secretary-Treasurer  may  grant  his  employees  up  to  ten  days'  leave  ;  any 
leave  beyond  this  term  shall  be  approved  by  the  Council.  In  case  of  disability  for 
a  period  greater  than  one  month,  the  Secretary-Treasurer  shall  report  the  fact  to 
the  Council,  with  propositions  for  a  possible  substitution. 
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No.  22.  Contracts  for  materials  required  by  headquarters  shall  be  approved  by 
Council. 

Concerning  V.    Rights  and  Duties  of  Members. 
No.  23.     Requests  to  omit  initiation  fees  upon  repeated  admission  to  the  So- 
ciety (Article  37)  may  be  granted  when  resignation  was  caused  either  by  removal 
to  a  foreign  country,  upon  quitting  the  profession,  long-continued  illness,  or  loss 
of  means  of  support. 

Xo.  24.  Names  of  members  of  Council  of  the  Society  and  its  sections,  as  well 
as  their  representatives  in  the  Advisory  Council,  shall  be  published  in  the  Journal 
at  the  beginning  of  each  year  ;  a  separate  copy  of  these  lists  shall  be  sent  to  every 
member  of  the  Advisory  Council.  Each  member  of  the  Society  shall  receive  a 
complete  list  of  members  gratis,  and  this  shall  be  reissued  annually  after  correc- 
tion and  amplification. 

Concerning  VI.     Meetings. 

No.  25.  The  Annual  Meeting  shall  instruct  one  or  more  sections  in  whose 
vicinity  the  next  General  Meeting  is  to  be  held  to  elect  a  Local  Committee. 

No.  26.  Such  Committee  require  the  approval  by  the  Council  of  their  proposed 
dates  of  meetings  and  entertainments. 

No.  27.  Such  expenses  as  become  necessary  for  objects  of  the  meetings  (Article 
47  a-i),  or  which  serve  for  representation  of  the  Society,  are  paid  by  the  general 
fund,  while  all  other  expenses  incurred  by  entertainment  shall  be  paid  by  the 
participants. 

No.  28.  The  previous  General  Meeting  shall  provide  a  fund  for  the  legitimate 
expenses,  which  shall  be  placed  at  the  disposition  of  the  Local  Committee  ;  should 
it  seem  likely  that  this  sum  be  exceeded  through  unforeseen  circumstances  or  in 
the  interests  of  the  Society,  the  increase  shall  be  submitted  to  the  Council  for  its 
consideration. 

No.  29.  Keeping  the  records  of  General  Meetings  is  obligatory  upon  the  Secre- 
tary-Treasurer, unless  the  Chairman  provides  otherwise.  The  proceedings  shall 
also  be  stenographed,  and  then  be  published  in  the  Journal  with  all  other  matters 
of  interest  in  a  form  as  directed  bj  the  Council.  The  records  of  proceedings  made 
as  in  Article  52  shall  be  iiled  in  the  archives. 

No.  30.  Expenses  caused  by  the  object  of  meetings  of  the  Council,  the  Ad- 
visory Council,  or  representatives  of  sections  (Article  45)  shall  be  met  by  the  General 
Fund. 

Concerning  VII.    Sections. 

No.  31.  By-Laws  of  sections,  as  well  as  their  amendments  (Article  53),  shall 
be  first  submitted  to  the  Curator  for  his  opinion  and  then  to  the  Council  for  its 
approval. 

No.  32.  The  consent  of  the  Advisory  Council  to  the  constitution  of  a  new  sec- 
tion (Article  54)  may  upon  request  of  the  Council  be  obtained  by  correspondence. 
Should  the  latter  not  be  in  session,  the  opinion  of  the  Curator  should  first  be 
ascertained. 

No.  33.  Communications  of  a  section  toothers  relating  to  affairs  of  the  Society 
shall  also  be  sent  to  the  Council  at  the  same  time. 

No.  34.  Each  section  shall  send  the  Secretary-Treasurer,  one  month  in  ad- 
vance of  the  Council  Meeting,  are  port  of  its  condition  and  activity;  the  Secretary- 
Treasurer  shall  publish  a  compilation  of  these  reports  in  the  Journal  previous  to 
such  meeting. 
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No.  35.  In  order  that  the  lists  of  officers  of  sections  for  the  coming  year  (No. 
24)  may  be  published  in  the  annual  report  thereof,  the  Councils  of  sections  ai'e 
required  to  send  their  lists  to  headquarters  before  the  end  of  the  year,  and  also 
all  changes  which  shall  have  taken  place  within  the  year. 

No.  36.  Sections  may  admit  to  their  meetings,  under  the  By-Laws  approved  by 
the  Council,  participants  or  special  members,  who  shall  not  have  votes  in  matters 
concerning  the  Society. 

No.  37.    Ail  correspondence  and  delivery  shall  be  prepaid. 


Thied  Session.     Thuhsdat  Moening,  Decembek  5th. 

The  President  announced  the  report  of  the  tellers  appointed  to 
scrutinize  and  count  the  ballots  upon  the  question  discussed  at  the 
previous  meeting,  concerning  the  amendments  to  the  Kules.  The 
report  was  as  follows : 

Decemher  4,  1901. 

The  undersigned,  tellers,  hereby  report  that  there  were  cast 

No 647 

Yes 191 

Irregular 36 

Total 874 

on  the  proposed  amendments  to  the  Rules. 

Feed  J.  Miller, 

H.    11.    SuPLEE, 
L.    It.    PoMEEOT. 

The  Chairman  therefore  announced  that  the  proposed  amend- 
ment was  defeated,  but  that  under  the  tenor  of  the  discussion  of 
the  previous  day  it  would  come  up  again  in  an  amended  form  at 
a  later  convention. 

The  Topical  Discussions  deferred  from  Wednesdaj'  morning's 
session  were  then  taken  up. 

"Cost  of  Punning  Trains  at  High  Speed  ;"  "Some  Peculiari- 
ties  of  Spi'ings;"  "  The  Linvolpon  System  of  Units;"  and  pro- 
fessional papers  as  follows :  "  A  Portable  Accelerometer  for  Rail- 
\vay  Testing,"  by  F.  B.  Corey ;  "  A  Bonus  System  of  Rewarding 
Labor,"  by  II.  L.  Gantt.  The  participants  in  debate  were  Messrs. 
"Wilfred  Lewis,  .Geo.  L.  Fowler,  L.  R.  Pomeroy,  H.  S.  Haines,  M. 
N.  Forney,  C.  G.  Earth,  Stephen  W.  Baldwin,  A.  A.  Gary,  A. 
Kingsbury,  Brashear,  Whittemore,  Thurston,  Halsey,  and  Day. 
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FoTTETH  Session.     Thursday  Evening,  December  5th. 

The  discussion  of  Mr.  Gantt's  paper  was  can-ied  forward  to  this 
session,  in  wliich  Messrs.  C.  II.  Buckley,  Fred  Taylor,  M.  P.  Ilig- 
gins,  James  Dodge,  and  F.  L.  Emor\'  took  part.  Tiie  papers  en- 
titled "  A  Silent  Chain  Gear,"  by  Mr.  J.  O.  jSTixon  ;  '•  The  Burst- 
ing of  Small  Cast-Iron  Fly -Wheels,"  by  Prof.  C.  H.  Benjamin, 
that  had  been  deferred  from  the  morning  session,  were  discussed 
by  Messrs.  Emerson,  Kockwood,  Frith,  Gary,  Soule,  and  Reist. 

Three  of  the  Societ\''s  professional  committees  which  had  been 
considering  the  questions  referred  to  them  presented  reports  at 
tliis  session.  The  first  was  a  report  of  progress  from  the  Commit- 
tee on  Standard  Jlethods  for  Conducting  and  Reporting  Steam 
Engine  Trials,  which  was  presented  bj- Professor  Jacobus,  and  re- 
ceived commendatory  comment  from  Messrs.  Rockwood,  Kent, 
Goss,  and  Gary.  This  committee  was  continued,  to  present  its 
final  report  at  a  later  meeting. 

The  second  committee  was  that  on  Standardization  of  Direct 
Connected  Engines  and  Dynamos,  which  was  presented  by  Mr. 
A.  L.  Rohrer,  member  of  the  Committee. 

The  third  committee  report  was  that  on  the  Standard  Propor- 
tions for  Pipe  Unions,  which  was  presented  at  a  later  session  by 
Mr.  George  M.  Bond.  Mr.  Kent  inquired  concerning  the  object 
of  taking  a  copyright  upon  the  report,  and  it  was  explained  that 
the  purpose  of  this  idea  was  to  secure  the  recognition  of  the 
standard  character  of  fittings  bearing  the  initial  "  S."  By  having 
this  designation  copyrighted,  unauthorized  use  of  the  mark  would 
be  prevented.  The  purpose  was  the  same  as  that  in  connection 
with  the  official  gauge  for  thicknesses  in  decimals,  so  that  a  license 
may  be  issued  for  a  nominal  sum,  while  control  was  kept  by  the 
Society  as  owners  of  the  copyriglit.  In  connection  with  the  two 
latter  reports,  the  Society  took  the  usual  action,  which  has  become 
its  precedent  in  the  case  of  such  committee  reports.  It  was  re- 
solved that  the  reports  be  accepted,  and  published  in  the  Trans- 
actions, but  that  no  official  action  looking  to  a  procedure  similar 
to  adoption  should  be  inferred  from  the  action  of  the  Society.  At 
a  later  session  the  folloAving  resolutions  in  connection  with  these 
reports  were  presented,  and  passed  : 

Resolved,  That  tlie  thanks  of  the  Societv  are  due,  and  are  hereby  tendered,  to 
Messrs.  Stanwond.  Ball,  Forbes,  jrcFarland,  and  Rohrer,  members  of  the  Com- 
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inittee  on  Standardization  of  Engines  and  Dynamos,  who  have  just  completed 
their  labors  and  presented  a  fall  report. 

Resolved,  That  the  thanks  of  the  Society  are  due,  and  are  hereby  tendered,  to 
Messrs.  Vogt,  Baldwin,  Bond,  Flagg,  and  Herr,  members  of  the  Committee  on 
Standardization  of  Proportions  for  Pipe  Unions,  who  have  just  completed 
their  labors  and  presented  a  full  report. 

Resolved,  That  the  Secretary  be  instructed  to  forward  a  copy  of  this  vote  to 
each  member  of  the  above  named  Committees. 

Friday  Mokning.     Closing  Session.     December  5th. 

The  papers  of  the  morning  were  as  follows  : 

"A  ITew  Valve  Gear  for  Gas,  Steam,  and  Air  Engines,"  by  E. 
W.  ISXvlor ;  "  The  Potter  Mesh  Separator,"  by  F.  A.  Scheffler ; 
"  Working  Loads  for  Manila  Eopes,"  by  C.  W.  Hunt ;  "  The  Heat 
Engine  Problem,"  by  C.  H.  Lucke ;  "  Experiments  on  Spiral 
Springs,"  by  C.  H.  Benjamin ;  "  "Water-Power  Development  at 
Ilannawa  Falls,"  by  W.  C.  Johnson ;  "  The  Porro  Prism,"  by 
W.  E.  "Warner ;  "  Effect  of  Clearance  on  the  Economy  of  a  Small 
Engine,"  by  Albert  Kingsbury.  The  participants  in  discussion 
were  Messrs.  Suplee,  Barr,  J.  J.  de  Kinder,  A.  C.  "Wood,  Ash- 
worth,  Frith,  Carj',  Henning,  Fowler,  Kent,  Emory,  Brashear, 
Dodge,  Jacobus,  Goss,  J.  E.  Johnson,  and  Longwell. 

At  the  close  of  the  regular  docket  Mr.  Victorin  presented  in 
the  form  of  a  Topical  Discussion  the  results  of  certain  experi- 
ments made  for  him  at  the  A^atertown  Arsenal,  with  respect  to 
the  elastic  deformation  of  large  surfaces  under  heavy  loads.  The 
lateness  of  the  hour  prevented  any  formal  discussion  upon  the 
facts  presented. 

At  the  close  of  the  discussion  on  the  professional  papers,  on 
motion  of  Mr.  G.  C.  Henning,  the  Society  tendered  a  vote  of 
thanks  to  Mr.  H.  H.  Camraann,  Comptroller  of  the  Trinity  Church 
Corporation,  for  his  share  in  the  beautiful  service  which  he  had 
procured  for  the  Society  in  connection  with  the  unveiling  cere- 
monies at  Trinity  Ciiurch  on  Thursday  afternoon.  The  President, 
before  putting  the  motion  to  adjourn,  took  occasion  to  thank  the 
Society  for  the  honor  which  it  had  conferred  upon  him  in  making 
him  President,  and  turned  over  the  office  of  the  presidency  to  tlie 
new  incumbent,  Mr.  Edwin  Reynolds. 

After  a  brief  reply  from  Mr.  Reynolds,  the  meeting  adjourned. 

The  afternoon  of  "Wednesday  was  left  without  assignment,  for 
the  members  to  make  use  of  the  time  as  might  suit  their  individ- 
ual convenience. 
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The  evening  of  Wednesday  was  set  aside  for  the  holding  of  the 
usual  reception, -which  has  become  a  regular  feature  of  the  annual 
meeting.  The  retiring  President  with  his  wife  and  the  incoming 
President  acted  as  a  reception  committee,  and  the  members  and 
guests  were  introduced  to  them  on  their  entry  into  the  rooms. 
The  latter  part  of  the  evening  was  devoted  to  music  and  dancing. 
About  616  were  present.  It  was  found  desirable  to  inaugurate 
the  custom  of  asking  all  attendants  at  the  reception  to  present  • 
cards  of  admission  at  the  door. 

On  the  afternoon  of  Thursday  an  event  of  particular  interest 
took  place  in  tiie  lower  part  of  the  city.  At  two  o'clock,  by  the 
courtesy  of  Mr.  Peter  F.  Me3'er,  the  Board  Room  of  the  Real 
Estate  Exchange,  No.  Ill  Broadway,  was  put  at  the  service  of 
the  Societ}'',  for  the  delivery  of  the  memorial  addresses  by  Rear- 
Admiral  George  W.  Melville  and  Prof.  R.  H.  Thurston  in  com- 
memoration of  the  achievements  of  Robert  Fulton.  Admission 
to  the  rooms  was  from  the  Trinity  Place  entrance,  immediately 
adjoining  Trinity  Churchyard.  The  exercises  were  made  spe- 
cially interesting  by  the  presence  of  Chief  Engineer  Charles  H. 
Haswell,  who  was  the  first  Chief  Engineer  of  the  United  States 
Navy.  After  the  addresses  the  meeting  adjourned  to  the  edifice 
of  Trinity  Church,  wherein  was  held  a  full  choral  service,  after 
the  ritual  of  the  Episcopal  Church,  with  an  address  by  the  Rev. 
Robert  Fulton  Crary,  of  Poughkeepsie,  N.  Y.,  who  is  a  grandson 
of  Robert  Fulton. 

At  the  conclusion  of  the  service  the  Society  and  its  invited 
guests  filed  in  procession  past  the  monument  to  Robert  Fulton, 
which  had  just  been  completed  and  erected  in  Trinity  Church- 
3'ard.  The  addresses  of  this  afternoon  and  photographs  of  the 
monument  will  constitute  a  special  paper,  to  be  pi'esented  as  part 
of  the  Transactions  of  the  Societv. 
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IVo.  915.* 

THE    EARLY    HISTORY    OF    OPEN-HEARTH    STEEL 
MANUFACTURE   IN    THE    UNITED    STATES. 


Peesident's  Addkess,   1901. 

In  choosing  a  subject  on  ^vhich  to  address  you  to-night,  it 
occurred  to  me  that  I  could  not  do  better  than  talce  as  a  topic 
' '  The  Early  History  of  Open-hearth  Steel  Manufacture  in  the 
United  States."  I  am  led  to  do  this,  first,  because  I  was  directly 
and  intimately  connected  with  several  of  the  works  where  the 
nuxnufacture  was  first  carried  on,  and  hence  can  speak  from  per- 
sonal knowledge;  and,  second,  from  the  fact  that  very  little 
has  been  heretofore  written  in  regard  to  this  pioneer  work.  It 
has  seemed  to  me  that  you  naight  possibly  be  interested  in  a 
short  statement  of  the  facts  in  regard  to  the  starting  of  this 
branch  of  the  steel  industry  in  America,  which,  beginning  in  so 
small  a  way,  is  now  fast  becoming  the  most  important  line  of 
the  business. 

Before  taking  up  the  subject  in  detail,  a  few  facts  as  to  the 
inception  of  the  process  in  Europe  may  not  be  out  of  place.  The 
idea  of  making  steel  by  an  admixture  of  cast  and  wrought  iron 
melted  together  on  the  open  hearth  in  a  reverberatory  furnace 
was  first  proposed  by  the  French  philosopher  Eeaumur  in  1 722. 
We  have  records  of  this  process  being  tried  several  times  by  dif- 
ferent persons  during  the  eighteenth,  and  the  first  half  of  the 
nineteenth  century.  In  France,  a  commission  appointed  by  the 
French  Government,  under  Louis  N"apoleon,  spent  a  large  amount 
of  money  on  experiments  in  trying  to  melt  steel  on  the  open 
hearth  of  a  reverberatory  furnace.  They  succeeded  in  reaching 
the  necessary  temperature,  but  all  of  tliese  early  experiments 
failed  to  be  a  commercial  success,  on  account  of  the  destructive 

*  Presented  at  the  New  York  meeting  (December,  1901)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the 
Transactions. 
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action  of  the  heat  on  the  lining  of  the  furnace.  The  heat  was 
obtained  only  by  intensely  rapid  combustion  of  coal  or  coke, 
which  created  such  a  cutting  action  on  the  brickwork  that  the 
furnace  burned  out  in  a  very  short  time,  and  the  quantity  of  fuel 
used  \ras  so  enormous  that  the  process  was  alwa3^s  a  failure  from 
a  commercial  standpoint. 

The  melting  of  steel  in  regenerative  open-hearth  furnaces  was 
first  proposed  by  C.  W.  Siemens  in  ISOl.  It  was  tried  in  a  very 
small  way,  by  one  or  two  of  his  licensees,  but  we  have  no  record 
of  its  having  been  put  into  successful  use.  Messrs.  Pierre  & 
Emil  Martin  at  the-  Sireuil  Works,  near  Paris,  were  the  first  to 
carry  out  the  jirocess  on  a  commercial  scale,  they  having  built 
a  furnace  at  their  works  in  1S64,  under  a  license  from  Siemens. 

Speaking  of  this  fui-nace,  C.  W.  Siemens,  in  a  paper  read 
before  the.  Chemical  Society,  May  7,  1868,  said:  "  It  was  chiefly 
intended  for  a  heating  furnace,  but  was  so  constructed  of  Dinas 
silica  brick  and  of  such  form,  that  it  could  be  used  as  a  melting 
furnace."  Messrs.  Martins'  experiments  with  this  furnace  were 
quite  successful,  and  soon  became  known  all  over  the  metallurgi- 
cal world,  creating  a  great  deal  of  interest. 

Among  the  many  iron  masters  who  became  interested  in  the 
process  was  Mr.  Aliram  S.  Hewitt,  who  purchased  for  his  firm 
(Messrs.  Cooper,  Hewitt  &  Co.,  of  Trenton,  jST.  J.)  the  rights  in 
the  patents  for  America.  Mr.  Fred  J.  Slade,  their  engineer, 
was  sent  over  to  France  to  study  the  process.  When  he  returned 
home,  Messrs.  Cooper,  Hewitt  &  Co.  immediately  started  to 
erect  a  small  furnace  at  their  works  to  try  the  process.  This 
furnace,  of  only  four  or  five  tons'  capacity,  was  put  in  operation 
during  the  fall  of  1868,  the  gas  producers  being  of  the  regular 
Siemens  type,  and  built  from  drawings  furnished  by  Messrs. 
Siemens'  agents  in  America.  I  was,  at  the  time,  assisting 
Messrs.  Siemens'  engineer,  Mr.  J.  T.  Potts,  who  had  been  sent 
to  this  country  by  C.  W.  Siemens  to  have  charge  of  the  erection 
and  starting  of  the  first  regenerative  furnace  which  was  built  in 
this  country.  This  furnace  was  for  the  melting  of  crucible  steel, 
and  was  built  at  the  works  of  Messrs.  Anderson,  Cook  &  Co., 
of  Pittsburg,  Pa.  I  was  sent  by  Mr.  Potts  to  Trenton,  to  assist 
Mr.  Slade  in  the  starting  of  their  gas  producers,  witli  which 
they  were  having  some  troultle,  thus  having  good  opportunity 
to  see  the  first  efforts  to  make  open-hearth  steel,  and  I  have 
a  very  vivid  recollection  of  some  of  these  experiments. 
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Mr.  Slacle  was  the  only  man  connected  with  the  works  who 
had  ever  seen  a  heat  of  open-hearth  steel  melted,  and  as  he  was 
not  a  practical  steel  man,  he  probably  overlooked  some  of  the 
im])ortant  points  while  watching  the  manufacture  in  France. 
At  any  rate,  everything  bad  that  could  happen  in  the  manufac- 
ture of  open-hearth  steel  seemed  to  fall  to  their  lot.  The  best 
man  among  the  workmen  was  the  melter,  who  had  been  an  old 
puddler,  or  heater,  but  of  course  he  was  unaccustomed  to  such 
high  temperatures  as  were  necessary  to  melt  mild  steel.  The 
first  trouble  encountered  was  Avith  the  making  of  good  gas. 
This  arose  from  a  too  literal  interjiretation  of  the  printed  instruc- 
tions for  running  the  producers,  which  had  been  sent  them  by 
Messrs.  Siemens'  agents. 

When  I  took  charge  of  the  producers,  I  found  they  wei-e  full 
to  the  very  top,  the  coal  being  some  six  or  seven  feet  deep;  so 
thick  a  fire  that  about  all  the  heat  in  the  bottom  of  the  pro- 
ducers could  do,  Avas  to  drive  out  the  moisture  from  the  ujiper 
layers.  Water  and  thin  tar  were  running  out  of  the  joints 
through  the  Avhole  length  of  the  gas  flue,  or  cooling  tube,  which 
was  of  wrought-iron  plates,  placed  above  ground.  We  ran  the 
producers  for  two  days  Avithout  charging  any  coal.  After  about 
twenty-four  hours'  work,  the  producers  began  to  do  good  ser- 
A/ice,  and  we  had  no  further  trouble  Avith  them.  The  only  diffi- 
culty was  to  get  men  to  attend  faithfully  to  the  making  of  the 
gas,  a  very  disagreeable  job,  and  one  that  demands  constant 
Avatchfidness  in  order  to  get  the  best  results. 

Before  trying  to  describe  the  melting  of  the  first  heats,  a 
word  or  two  about  the  furnaces,  and  the  method  of  casting. 
The  furnace  was  a  Siemens'  regenerative  furnace,  I  suppose 
copied  from  one  in  iise  at  Messrs.  Martins'  Avorks,  near  Paris. 
It  had  a  very  flat  shalloAV  bottom,  but  there  did  not  seem  to  be 
much  trouble  in  getting  it  up  to  a  fair  steel-melting  heat.  The 
regenerators  seemed  to  be  of  ample  size,  and  the  furnace  fairly 
well  designed  for  its  Avork,  except  as  to  the  shape  and  depth  of 
the  bottom,  Avhich  Avas  entirely  too  shallow  for  the  quantity  of 
steel  it  had  to  hold.  On  the  casting  side  of  the  furnace,  in  front 
of  the  tajjping  hole,  Avas  fastened  a  kind  of  fore-hearth,  called 
by  the  workmen,  from  its  shape,  "a  shoe."  In  the  bottom  of 
this,  at  the  outer  end,  was  placed  a  firebrick  nozzle,  in  which 
Avas  fitted  a  fire-clay  stopper,  by  Avhich  the  floAV  Avas  regulated. 
Running  parallel  Avith  the  front  of  the  furnace  Avas  a  narrow- 
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gauge  railroad,  on  which  were  ]ilaced  the  cars  for  the  ingot 
moulds,  which  were  arranged  for  group  casting.  These  cars 
were  moved  by  a  chain  windlass  placed  at  one  end  of  the  track. 
In  all  the  heats  which  I  saw  made,  Franklinite  pig  iron  was  used 
for  the  bath,  and  the  balance  of  the  heat  made  up  from  puddled 
bars  and  scrap  steel.  This  mixture  should  have  made  good  steel, 
but  unfortunately  they  had  no  ferro-manganese,  none  being 
made  at  that  time  in  this  country,  and  but  little,  if  any,  in 
Europe. 

For  recarbonization,  they  used  a  small  quantity  of  Franklinite 
pig;  according  to  my  recollection,  not  more  than  1  to  1^  per 
cent,  of  the  weight  of  the  charge.  As  the  Franklinite  contained 
only  about  10  per  cent,  of  manganese,  this  gave  them  a  steel 
very  low  in  that  element,  with  at  the  most  not  more  than  -^j^  of 
1  per  cent.,  and  often  only  a  mere  trace.  The  result  was,  a  steel 
which  was  difficult  to  roll,  except  at  a  high  temperature.  It 
would  stand  a  welding  heat,  and  a  dull  red  heat,  but  was  yellow 
short,  and  any  attempt  to  hammer  or  roll  it  at  that  temperature 
resulted  in  the  steel  going  to  pieces.  If  the  furnace  bottom  had 
been  made  of  magnesite  or  other  basic  material,  the  amount  of 
manganese  would  have  been  quite  sufficient  to  have  made  the 
steel  workable  at  all  temperatures. 

In  the  first  heat  at  Trenton,  when  the  melter  thought,  from 
the  small  test  ingots  taken,  that  the  metal  was  ready  to  cast, 
a  small  quantity  of  Spiegeleisen  was  added,  and  when  this  was 
melted,  a  bent  bar  was  driven  through  the  sand  wall  lietween 
the  "  shoe  "  and  the  furnace.  When  this  bar  was  withdrawn, 
it  allowed  the  steel  to  run  out  and  fill  the  shoe  to  the  level  of 
the  steel  in  the  furnace.  The  stopper  being  opened,  the  steel 
ran  out  through  the  nozzle  into  the  moulds.  When  the  first 
group  was  filled,  the  stopper  was  closetl,  and  the  car  was  moved 
along  until  the  next  group  came  under  the  nozzle.  In  this  man- 
ner, about  one-half  of  the  moulds  were  filled  when  the  nozzle  in 
the  bottom  of  the  shoe  began  to  close  up  by  the  metal  chilling. 
It  soon  closed  up  entirely,  and  the  car  was  then  moved  along 
until  the  next  group  of  moulds  was  in  place  under  the  nozzle, 
when  the.  whole  nozzle  was  lifted  out  of  its  place,  and  the  steel 
then  came  with  a  rush  for  a  short  time.  This  operation  was 
repeated  until  all  the  steel  that  was  liquid  had  drained  out  of  the 
furnace.  Only  a  small  proportion  made  ingots  which  could  be 
rolled ;  the  larger  portion  was  scrap. 
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The  great  difficult}''  in  these  pioneer  days  of  steel  making  was 
to  teach  the  jnelters  to  maintain  the  steel  at  the  proper  temper- 
ature. The  margin  between  the  proper  casting  temperature  of 
the  steel  and  the  melting-point  of  the  furnace  itself  was  very- 
narrow,  much  more  so  than  to-day,  as  at  that  time  no  silica 
brick  was  available,  and  we  were  obliged  to  use  clay  firebrick  for 
the  roof  and  sides  of  the  furnace.  Shortly  after  the  heat  which 
I  have  mentioned,  I  saw  an  attempt  made  to  cast  a  charge  which 
had  chilled  in  the  nozzle  so  that  it  could  not  be  started  again. 
By  the  time  the  shoe  could  be  taken  off,  the  steel  had  chilled 
solid,  clear  back  into  the  furnace,  which  was  then  shut  down 
half  full  of  steel.  The  next  day  the  furnace  was  started  up 
again.  A  quantity  of  pig  iron  was  added  and  the  steel  finally 
all  melted,  but  it  was  so  slow  in  coming  to  a  steel-melting  heat 
that  the  carbon  was  reduced,  and  several  more  additions  of  pig 
iron  had  to  be  made,  until  finally  the  furnace  was  overfilled, 
making  it  all  the  more  difficult  to  get  the  proper  temj^erature. 
It  was  finally  tapped,  but  it  was  so  cold  that  it  chilled  in  the 
nozzle  and  the  forehearth,  so  that  when  the  latter  was  taken  off 
the  steel  ran  down  over  the  moulds,  cars,  and  tracks,  welding 
the  whole  together,  and  making  a  mess  that  I  was  afterwards 
told  took  two  weeks  to  clean  up  so  that  the  furnace  could  again 
be  started.  These  are  only  examples  of  the  difficulties  and 
rough  experiences  which  were  encountered  in  these  initial  trials, 
and  it  was  no  wonder  tliat  poor  Mr.  Slade  was  discouraged. 

As  is  very  often  the  case,  this  experiment  was  not  very  profit- 
able to  the  pioneers,  Messrs.  Cooper,  Hewitt  &  Co.  The  fur- 
nace was  operated  at  intervals  for  a  year  or  two,  but  was  finally 
abandoned,  and  the  manufacture  stopped,  as  it  was  not  a  com- 
mercial success,  though  those  who  saw  the  experiments  were 
able  to  profit  by  them  and  avoid  many  of  the  difficulties  encoun- 
tered in  them. 

The  second  works  to  make  open-hearth  steel  in  America,  and 
first  to  make  a  commercial  success  of  the  manufacture,  was  The 
Bay  State  Iron  Works,  of  South  Boston,  under  the  superintend- 
ence of  Mr.  Ealph  Crooker.  Mr.  Crooker  was  an  iron  master 
of  the  old  school,  and  at  the  time  of  ray  association  with  him 
had  been  connected  with  the  management  of  iron  works,  in  one 
capacity  or  another,  for  over  fifty  years. 

The  Bay  State  Iron  Company  had  been  manufacturers  of  iron 
rails  for  many  years,  but  about  this  time  the  advent  of  steel  rails 
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had  induced  them  to  experiment  in  the  manufacture  of  steel- 
headed  rails.  Their  first  experiment  was  with  jiuddled  steel, 
which  was  used  in  the  head  of  the  rail,  in  place  of  the  hard 
wrought-iron  which  had  generally  been  used  for  that  purpose. 
As  this  did  not  prove  to  be  a  success,  Bessemer  steel  ingots  were 
brought  from  Troy  and  rolled  into  bars,  which  were  used  in  the 
]iile  to  form  the  head  of  the  rail;  this  also  was  unsuccessful. 
Bessemer  steel  as  then  made  was  found  to  be  very  irregular  in 
quality,  and  sometimes  impossible  to  weld.  At  this  stage  Mr. 
Crooker's  attention  was  called  to  the  experiments  which  were 
being  made  in  the  manufacture  of  open-hearth  steel  at  Trenton. 
He  visited  the  works,  and  after  watching  the  process  for  some 
time,  became  convinced  that  with  a  properly  constructed  fur- 
nace, and  the  use  of  ferro-manganese,  a  good  weldable  steel 
could  be  made.  He  tried  to  make  some  arrangements  with 
Messrs.  Siemens'  agents  to  supply  him  with  plans  for  a  furnace 
such  as  he  wanted;  but  failing  in  this,  he  sent  for  me,  I  having 
left  Messrs.  Siemens'  employ  several  months  before  this.  I  soon 
came  to  terms  with  him,  and  in  a  few  weeks  we  had  the  plans 
well  in  hand,  and  started  the  construction  of  the  proposed 
works. 

The  erection  of  these,  started  in  18G9,  was  completed  in  a  few 
months,  and  they  were  put  in  operation  early  in  1870.  The 
plant  consisted  of  one  furnace  of  a  capacity  of  five  tons,  two 
sections  of  which  are  shown  in  Fig.  1 ;  the  necessary  gas  pro- 
ducei's  were  also  built,  as  well  as  a  coal-fired  preheating  furnace, 
and  several  anthracite  crucible  steel-melting  furnaces  for  the 
manufacture  of  ferro-raanganese.  The  melting  furnace  was 
a  very  powerful  one  for  its  size,  sharp  and  cjuick  in  its  working. 
The  arrangement  of  jiorts  as  shown  in  the  drawing,  with  several 
small  ports,  side  by  side,  and  thin  division  walls  between  them, 
gave  a  very  good  mixture  of  gas  and  air.  These  thin  walls  were 
only  4^  inches  thick,  and  often  burned  through,  which  necessi- 
tated verj'^  frequent  repairs;  otherwise  the  furnace  Avas  all  right, 
and  many  furnaces  have  been  Ijuilt  since  that  did  not  work  as 
well  as  this  one.  The  bath  was  made  much  deeper  than  the  one 
at  Trenton  in  proportion  to  its  size;  the  metal  was  cast  through 
a  forehearth  in  much  the  same  manner  as  at  Trenton,  but  the 
ingot  moulds  \vere  carried  on  a  large  turn-table  resting  on  coni- 
cal rollers,  which  Avas  turned  l)y  a  steam  engine  through  the 
medium  of  bevel  gearing.     This  made  a  very  good  arrangement. 
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and  as  it  was  well  designed  and  ])uilt,  it  gave  no  trouble  in 
operation. 

The  melter  was  a  skilled  heater  who  had  been  in  the  employ 
of  the  Bay  State  Comjiany  for  many  3'ears.  He  was  a  man  of 
most  excellent  judgment,  ambitious,  faithful,  and  conscientious 
in  liis  work.  Having  had  the  advantage  of  s[)eiiding  a  few 
weeks  at  Trenton,  watching  that  furnace  in  ojieration,  he  was 
able  to  start  up  the  Bay  State  furnace  M'ithout  much  trouljle, 
and  soon  liecame  a  first-class  melter.  The  Bay  State  plant 
started  off  with  one  very  great  advantage  over  that  at  Trenton, 
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Fi(j.  3.— Fifteen-ton   Open-hearth   Furnace,   Otis  Iron   and  Steel   Co. 
1887.     Transverse  Section. 

in  that  they  had  ferro-manganese  to  use  for  the  final  additions 
in  the  process.  As  this  could  not  be  purchased  at  that  time,  we 
Avere  obliged  to  make  it  in  crucibles,  which  was  very  expen- 
sive, but,  as  the  quantity  used  was  small,  the  expense  did  not 
amount  to  much  jier  ton  of  steel.  The  ferro-manganese  was 
made  by  reducing  black  oxide  of  manganese  in  crucibles,  with 
charcoal  and  lime  at  a  very  high  temperature.  When  nearly, 
or  quite  melted,  Spiegeleisen  or  Franklinite  pig  iron  containing 
about  10  per  cent,  of  manganese,  was  added  to  the  melted  man- 
ganese in  the  crucible,  and  when  the  whole  was  thoroughly 
melted,  it  was  poured  into  flat  moulds.  Most  of  this  ferro-man- 
ganese contained  35  to  40  ]ier  cent,  of  manganese,  not  very  rich 
when  compared  with  the  So  per  cent.  ]iroduct  which  is  turned 
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out  of  the  blast  furnaces  in  these  days;  but  it  answered  the  pur- 
pose, and  by  its  use  ^ye  were  able  to  make  steel  of  from  .10  to- 
.15  carbon  that  was  perfectly  malleable  at  all  temjieratures. 
This  was  a  very  important  advance  over  the  first  experiments  at 
Trenton.  The  first  steel  was  made  from  a  mixture  of  puddled 
bar  made  in  the  Bay  State  Company's  furnaces,  with  some  scraji 
steel,  melted  in  a  bath  of  English  West  Cumberland  hematite 
pig  iron,  and  M'as  rolled  into  bars  about  7  inches  wide  by  2  inches 
thick.  This  bar  of  steel  Avas  used  for  the  top  of  the  rail  pile,  and 
formed  about  one-quarter  of  its  weight,  tlie  remainder  of  the 
pile  being  made  of  old  iron  rails,  the  weld  being  a]i]iarently  as 
sound  as  if  it  were  iron  on  iron.  Quite  a  large  quantity  of  rails 
was  made  in  this  manner  and  put  into  use;  but  the  day  of 
'•  weldless  steel  rails  "  had  come,  and  Avhile  the  steel -lieaded  rails 
gave  better  results  as  to  wear  than  those  of  iron,  they  did  not 
begin  to  do  as  well  in  that  respect  as  those  made  of  solid  steel, 
and  besides  were  inferior  in  strength  and  stiffness,  qualities 
which  had  as  much  to  do  with  good-wearing  results  as  mere 
difference  in  hardness  of  the  head. 

It  soon  became  apparent  to  the  Bay  State  Company  that  the 
steel-headed  rail  was  a  failure,  and  that  they  must  look  to  some 
other  outlet  for  the  product  of  their  steel  plant.  They  were 
large  makers  of  iron  plates  as  well  as  rails.  Their  flange  plates 
had  a  good  reputation,  but  were  costly  to  make,  being  puddled 
from  charcoal  pig  iron.  Added  to  this  expense  was  the  tremen- 
dous loss  from  blistering,  the  average  being  from  iO  to  50  per 
cent.,  that  amount  of  plate  being  cut  up  and  worked  over  again, 
making  a  very  serious  item  of  cost.  These  troubles,  and  the  fact 
that  some  very  good  flange  and  fire-ljox  steel  had  been  made  in 
Pittsburg  in  crucibles,  induced  them  to  experiment  in  the  manu- 
facture of  soft-steel  plates,  roUed  from  ingots  made  in  the  open- 
hearth  furnace.  The  first  were  made  from  their  own  bars,  pud- 
dled from  charcoal  iron;  but  this  was  not  satisfactory^,  as  the 
iron  contained  too  much  ])hosphorus.  After  quite  an  amount  of 
experimenting,  a  small  quantity  of  steel  was  produced  from 
blooms  made  in  the  Lake  Champlain  district,  direct  from  the  ore 
in  the  old-fashioned  Catalan  forge.  The  result  was  most  satis- 
factory; a  beautifully  soft,  ductile  steel  was  produced  that  was 
perfectly  malleable,  hot  or  cold;  j'hxtes  rolled  from  it  never 
showed  a  blister,  and  seldom  defects  of  any  kind,  and  most  sat- 
isfactory of  all  was  the  fact  that  it  could  be  produced  much 
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cheaper  than  the  best  iron  flange  plates.  A  great  many  samples 
of  this  plate  were  sent  around  to  different  customers,  and  the 
company  very  soon  secured  a  large  trade  in  boiler  and  fire-box 
plates,  which  they  were  able  to  hold  for  several  years.  Only 
one  furnace  was  ever  built  at  the  Bay  State  Woi'ks,  but  this  fur- 
nace was  run  day  and  night  for  several  years  in  the  manufacture 
of  the  highest  class  of  ingots  for  boiler  and  fire-box  plates,  and 
as  the  price  was  very  high,  this  small  steel  furnace  earned  a 
great  deal  of  money  for  the  company. 

The  next  firm  to  build  an  open-hearth  furnace  was  the  ISTashua 
Iron  Company,  at  Nashua,  N.  IT.  It  was  a  5-ton  furnace,  built 
under  license  from  Messrs.  Siemens.  After  I  had  finished  and 
started  the  Bay  State  Company's  plant,  I  was  employed  by  the 
Nashua  Company  (of  which  my  father,  Mr.  S.  K.  Wellman,  had 
been  for  many  years  suj)erintendent)  to  build  and  take  charge  of 
the  new  steel  department  at  the  Nashua  works,  consisting  of  the 
open-hearth  furnace  plant,  and  a  plate  and  bar  mill.  The  build- 
ing was  started  in  1871,  and  completed  and  put  in  operation  the 
following  year.  Thei-e  were  some  radical  changes  made  in  the 
plant  from  that  of  the  Bay  State  Company;  no  preheating  fur- 
naces were  used,  blooms,  when  they  were  used,  being  heated  in 
a  pair  of  chambers  on  the  charging  side  of  the  furnace,  and 
pushed  off  into  the  bath  when  they  had  reached  the  projjer  tem- 
perature. English  hematite  pig  iron  was  used  for  the  bath,  to 
whicli  were  added  charcoal  blooms  from  the  Lake  Champlain 
district,  similar  to  those  used  by  the  Bav  State  Company  when 
making  the  best  qualit\^  of  steel;  a  cheajier  grade  v^as  made  from 
steel  and  iron  scra]5,  and  pig  iron.  Ferro-manganese  was  melted 
in  a  regenerative  crucible  steel  melting  furnace  from  a  mixture 
much  the  same  as  that  used  at  the  Bay  State  Works.  The  steel 
was  tapped  from  the  furnace  into  a  ladle,  mounted  on  a  car  run- 
ning on  rails,  these  being  placed  on  eacli  side  of  a  deep  casting 
pit,  in  which  the  ingot  moulds  were  placed.  The  pit  ran  at 
right  angles  to  tlie  furnace,  the  ladle  car  being  hauled  by  a  chain 
and  windlass  worked  by  hand,  thus  making  a  cheap  and  effec- 
tive casting  arrangement.  For  a  stationary  furnace,  it  had  a 
great  ad  vantage  over  the  use  of  a  shoe,  similar  to  those  used  on 
the  Bay  State  and  Trenton  furnaces,  as  no  matter  how  cold  the 
steel  was,  it  was  always  hot  enough  so  that  it  ran  "  clean  "  out 
of  the  furnr.ce.  Wliile  some  of  it  might  chill  in  the  ladle,  the 
furnace  was  not  interfered  with  at  all,  and  we  were  able  to  get 
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out  the  next  heat  without  interference  from  steel  left  in  the  fur- 
nace. Sucli  a  casting  arrangement  as  that  used  at  Nashua  would 
not  answer  in  these  days  of  5()-ton  furnaces,  but  it  answered  the 
purpose  very  well  at  tliat  time.  I  have  a  vivid  recollection  of 
the  first  week's  work  after  we  started  up  the  furnace  at  Nashua; 
we  ran  single  turn,  and  were  trying  to  make  steel  from  cheap 
stock  for  some  common  forgings,  but  not  an  ingot  in  the  wliole 
week's  work  would  forge  at  an3'  temperature,  and  you  may  be 
sure  I  went  home,  that  Saturday  night,  sick  in  mind  and  body. 
I  do  not  remember  the  sermon  on  that  Sunday ;  but  before  Mon- 
day morning  I  had  found  out  the  trouble  with  my  steel  making, 
and  after  the  first  heat  on  Monday  morning,  which  proved  to 
be  all  right  in  every  respect,  things  looked  brighter  to  me. 
From  that  time  on,  we  had  no  serious  trouble  in  making  any 
steel  we  Avanted. 

The  Nashua  Company  were  large  manufacturers  of  forgings 
for  railroads  and  marine  uses,  and  much  of  the  steel  made  b}^ 
them  was  used  to  take  the  place  of  iron  for  this  purpose.  They 
also  secured  quite  a  large  trade  in  boiler  and  fire-box  plates, 
and  later  on  commenced  to  manufacture  steel  for  locomotive 
and  car-wheel  tires.  Some  years  later  this  5-ton  furnace  was 
torn  down  and  a  furnace  of  ten  tons'  capacity  was  built  in  its 
jilace. 

About  the  same  time  that  the  Nashua  Company  were  building 
their  first  furnace,  Messrs.  Singer,  Nimick  &  Co.,  of  Pittsburg, 
were  buUding  a  furnace  of  nearly  the  same  size,  which  was  used 
for  the  manufacture  of  mild  steel,  principallj'^  boiler  and  fire-box 
plates,  previously  made  from  crucible  steel. 

Following  the  starting  of  the  open-hearth  furnace  at  Nashua, 
and  that  of  Singer,  Nimick  &  Co. ,  there  came  the  new  works  of 
the  Otis  Iron  &  Steel  Company,  of  Cleveland,  which  was  the 
first  plant  in  the  United  States  to  be  built  for  the  exclusive 
manufacture  of  open-hearth  steel.  I  was  engaged  by  the  com- 
pany to  build  and  take  charge  of  the  works.  A  splendid  loca- 
tion was  found,  almost  in  the  heart  of  the  city  of  Cleveland, 
near  the  shore  of  Lake  Erie,  with  the  Lake  Shore  &  Michigan 
Southern  Hailroad  on  one  side  and  the  Pennsylvania  Pailroad 
on  the  other,  giving  ample  raiU'oad  facilities,  with  competition 
both  on  incoming  and  outgoing  freight.  Ground  was  broken 
for  the  erection  of  the  M'orks  in  the  summer  of  1873,  but  tliey 
were  not  finished  until  the  fall  of  1S74.     At  my  suggestion,  Mr. 
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Alexander  L.  HoUey  was  appointed  consulting  engineer,  and 
served  the  company  for  several  years  in  that  capacity. 

I  had  seen  Mr.  Ilolley-but  once  before  he  came  to  Cleveland  on 
the  occasion  of  his  first  visit  as  consulting  engineer.  That  was 
seven  years  before,  when  he  was  in  charge  of  the  works  at  Troy, 
and  I,  wanting  to  learn  the  steel  business,  had  asked  him  to  give 
me  a  position  there.  lie  told  me  that  he  had  no  vacancies  at  that 
time.  On  his  visit  to  Cleveland  I  recalled  this  circumstance  to 
him,  and  laughingly  said,  "  As  long  as  you  Avould  not  give  me 
a  position,  I  have  at  last  succeeded  in  getting  you  one."  This 
was  the  commencement  of  one  of  the  most  pleasant  friendships 
of  my  life,  which  lasted  until  Mr.  Ilolley's  death. 

Man}'  plans  for  the  general  arrangement  of  the  works  were  con- 
sidered between  ns,  and  the  one  finally  adopted,  with  some  minor 
alterations,  was  one  suggested  bv  him.  The  steel-melting  plant, 
as  originally  built,  consisted  of  two  7-ton  furnaces  (Fig.  2)  with 
a  regenerative,  preliminary  furnace  for  preheating  the  blooms, 
before  adding  them  to  the  bath,  and  a  regenerative-crucible, 
ferro-manganese  furnace.  The  most  radical  improvement  over 
old  practice  was  the  raising  of  the  charging  jilatform  about  lO 
feet  above  the  general  level,  the  material  to  be  melted  being 
raised  by  hydraulic  elevators,  an  arrangement  which  made  the 
furnaces  very  accessible  for  repairs,  and  also  gave  the  great 
advantage  of  being  able  to  use  a  shallow  casting  pit.  This  plan 
is  still  followed  by  the  latest  and  best  works  in  this  country. 

The  steel  was  tapped  into  a  ladle,  as  at  Nashua;  only,  instead 
of  supporting  the  ladle  on  a  car,  it  was  carried  on  the  arms  of 
a  jib  crane,  which  was  simplya  swing,  without  any  lift.  This 
made  a  simple  and  cheap  casting  arrangement,  and  one  that  was 
perfectly  safe.  The  one  crane  stood  on  the  centre  line  between 
the  two  furnaces,  and  the  ladle  swung  around  to  the  tapping 
spout  of  each ;  as  there  was  no  lifting  of  the  ladle  when  it  was 
filled  with  metal,  there  could  l)e  no  break-downs  or  upsetting. 
Since  the  ladle  could  not  be  lifted,  we  were  obliged  to  bring  the 
top  of  the  moulds  or  groups  to  very  nearly  the  same  height, 
which  in  the  case  of  moulds  of  different  lengths  was  sometimes 
a  disadvantage,  but  the  safety  of  the  whole  arrangement  more 
than  compensated  for  this.  A  swinging  platform  for  the  work- 
men to  stand  on  when  ta]iping  the  furnace  was  supported  at  one 
end  on  the  mast  of  tiie  ladle  crane,  and  at  the  other  on  wheels 
which  ran  on  the  plates  covering  the  walls  of  the  casting  pit. 
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The  furnaces  were  very  simple  in  construction,  and  much  like 
the  one  at  Nashua,  excepting  that  the  heating  chambers  on  the 
front  of  the  melting  furnace  had  been  dispensed  with,  and  a  ])re- 
liminary  furnace  used,  as  at  the  Bay  State  works ;  one  furnace 
with  doors  on  each  side  served  for  the  two  melting  furnaces. 
The  first  heat  of  steel  was  made  in  October,  1874,  of  charcoal 
blooms  from  the  Lake  f 'hamplain  district,  melted  in  a  bath  of 
Lake  Superior  charcoal  pig  iron.  The  steel  was  naturally  of 
very  high  (juality,  and  was  made  into  i)lates  for  fire  boxes. 

The  starting  of  the  works  was  attended  with  the  usual  mis- 
haps which  always  attend  the  launching  of  new  enterprises, 
especially  in  the  iron  business.  The  first  thing  to  happen  before 
any  metal  had  been  charged  into  the  furnaces,  was  a  terrific  gas 
explosion,  which  cracked  the  main  gas  flues,  loosened  up  the  gas 
and  air  valves,  smashed  man-hole  jilates  and  escape  valves,  and 
disarranged  things  generally.  After  our  furnaces  were  started, 
they  were  occasionally  fused  down  by  careless  melters,  and  the 
steel  did  not  always  prove  to  be  what  we  expected ;  but  a  care- 
ful system  of  inspecting  ]>re vented  these  mistakes  from  getting 
to  our  customei's,  and  after  a  few  months'  schooling  of  this  kind 
things  began  to  work  smoothly,  and  we  had  comparatively  little 
trouble  in  making  what  we  wanted.  Of  course,  we  had  to  edu- 
cate all  of  our  skilled  men ;  having  no  works  from  which  to  hire 
them,  we  had  no  other  waj^  Our  head  melter,  who  originallj^ 
came  from  New  England  during  the  construction  of  the  works, 
was  by  trade  a  bricklayer — a  bright  and  observing  fellow,  who 
was  ambitious  to  learn  the  steel-melting  business.  I  sent  him 
to  Nashua  and  Boston  some  two  or  three  months  before  we 
started  up  the  works,  to  learn  what  he  could  about  the  operation 
of  the  fui'naces  there.  Of  course,  for  a  time  he  needed  constant 
watching,  but  after  a  few  months'  work  he  became  a  very  ex- 
pert melter.  Nearly  all  of  our  skilled  men  learned  their  trade 
after  entering  the  em])loy  of  the  Otis  Company,  and  when  I  sev- 
ered my  connection  with  the  company,  after  sixteen  j^ears'  ser- 
vice, out  of  about  1,000  employees  I  was  aljle  to  learn  of  only 
one  skilled  workman  who  had  not  learned  his  trade  in  the  shops 
of  the  com]iany. 

Not  only  men,  l^ut  all  of  our  materials  had  to  be  tried  and 
proven.  The  question  of  firebrick,  as  well  as  of  other  refractory 
materials,  was  an  important  and  troublesome  one,  and  a  great 
deal  of  experimenting  had  to  be  gone  through  before  the  best 
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materials  ooukl  be  found.  In  the  meantime  vre  vrere  building 
up  a  good  reputation  for  the  quality  of  our  product,  which  was 
principally  plates  for  boilers  and  fire  boxes.  "  OTIS  STEEL  " 
was  for  many  years  a  standard  brand  for  that  purpose  in  this 
country,  and  sold  at  the  very  highest  price. 

In  1S7S  two  15-ton  furnaces  were  added  to  the  plant.  These 
were  a  great  success  from  the  very  start;  were  regarded  as  of 
immense  size,  and  were  a  radical  step  in  advance  of  anything 
that  had  been  built  up  to  that  time.  In  1881  two  more  1.5-ton 
furnaces  were  added,  and  in  1887  two  more  of  the  same  size 
(Figs.  3  and  4).  The  last  two  were  a  distinct  departure  from 
anything  that  had  been  l)uilt  before,  in  that  the  regenerators 
were  under  the  charging  platform  instead  of  under  the  furnace 
proper.  The  opening  into  the  regeneratoi's  was  at  the  end  next 
to  the  furnaces,  instead  of  at  the  top,  as  is  necessarily  the  case 
where  the  regenerators  are  underneath.  This  opening  in  the 
case  of  both  gas  and  air  regenerators  was  into  a  large  slag  pocket 
directly  under  the  ports;  since  that  time  this  type  of  melting 
furnace  has  been  very  largely  used  in  this  country,  all  of  the  late 
furnaces  at  the  Homestead  Steel  Works,  Duquesne  Steel  AYorks 
(Figs.  5  and  G),  and  the  Sliaron  Steel  Works  being  of  almost 
exactly  this  ty]ie.  The  Otis  Works  was  at  one  time  the  largest 
open-hearth  plant  in  this  country. 

As  I  have  said,  the  princijial  raw  material  used  at  the  start 
for  making  the  high  quality  of  soft  steel  which  was  turned  out 
at  the  Otis  Works  was  cliarcoal  blooms  from  the  Lake  Cham- 
plain  district.  These  were  used  in  largely  increasing  quantities 
from  year  to  year,  until  the  annual  consumption  reached  as 
high  as  12,000  to  15,000  tons,  at  an  average  cost  of  $45  to  $60 
per  ton.  This  seems  like  an  enormous  price  to  jmy  for  raw 
material;  it  was,  but  as  the  finished  ])lates  were  sohl  at  from 
$135  to  $160  per  ton,  a  fairly  good  margin  was  left  for  profit. 
Later  on,  a  larger  amount  of  ]iuddled  blooms  were  made  from 
Bessemer  pig  iron  in  mechanical  puddlers.  Washed  metal  made 
in  revolving  Pernot  furnaces  by  the  Krupp-Bell  process  was  also 
used. 

The  first  basic  steel  produced  in  tliis  country  was  made  at  the 
Otis  AVorks  in  1886.  During  a  visit  to  Europe  in  1885  I  saw 
the  process  at  work,  and  was  much  impressed  with  its  possibili- 
ties. I  immediately  arranged  to  have  a  siiiall  cargo  of  Styrian 
raagnesite  sent  over ;  and  as  soon  as  we  could  spare  a  furnace  to 
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make  the  experiment,  Ave  put  in  a  lining  of  calcined  raagnesit6 
on  top  of  the  silica  bottom,  which  liad  been  melted  down  as  low 
as  possible.  This  magnesite  was  not  fused  in,  as  is  the  jjractice 
in  these  days,  but  after  being  mixed  with  tar  was  rammed  in 
place  while  the  furnace  was  cold,  following  the  practice  in 
Europe  at  that  time,  which  we  had  seen.  As  soon  as  the  bot- 
tom was  made,  we  started  up  the  furnace,  which  was  operated 
experimentally  for  some  four  months,  making  a  good  cpiality  of 
basic  steel.  All  of  it  went  to  our  regular  customers  in  our  reg- 
ular work,  without  any  fault  being  found.  It  was  kept  as  a 
great  secret,  and  no  one  outside  of  the  company's  works  knew 
what  we  were  doing.  During  all  of  this  time  we  were  extremely 
busy.  The  basic  process  was  much  slower  in  operation  than  the 
acid,  and  this  made  the  output  of  the  furnace  so  small  that  I  was 
at  last  forced  to  yield  to  the  pressure  brought  by  the  selling 
department  for  more  steel,  and  changed  the  furnace  back  to  the 
acid  process.  Some  months  later  the  basic  process  was  started 
at  the  Pennsylvania  Company's  works  at  Ilarrisburg  and  the 
Carnegie  works  at  Homestead.  To-day  at  least  three-fourths  of 
all  the  open-hearth  steel  made  in  America  is  manufactured  by 
the  basic  process,  and  this  proportion  is  bound  to  increase.  It 
is  my  opinion  that  there  is  no  question  about  the  fact  that  the 
very  best  qualities  of  all  grades  of  open-hearth  steel  can  be  made 
cheaper  and  better  by  the  basic  process  than  in  any  other  way. 
The  basic  process  of  steel  making  is  so  simple,  both  in  theory 
and  practice,  that  it  seems  strange  that  it  was  not  thought  out 
and  put  in  practice  before  it  was.  The  same  jiriuciples  are  in- 
volved, and  the  same  reactions  go  on  in  the  puddling  process 
which  has  been  in  use  for  generations.  The  only  difference  is 
that  the  temperatures  are  lower  in  the  puddling  furnace  than  in 
the  open  hearth;  as  a  consequence  the  lining  in  the  latter  must 
be  the  more  refractory. 

Twenty-five  yeai's  ago  it  was  considered  an  axiom  that  phos- 
phorus could  not  be  removed  from  iron  at  a  high  temperature, 
but-  the  invention  of  Snelus  and  Thomas  demonstrated  that  it 
could  be  done.  To-day  thousands  of  tons  of  steel  are  being 
made  by  the  basic  open-hearth  process  from  iron  containing  more 
than  j^Jjj  of  1  per  cent,  phosphorus,  that  is  better  in  every  resjiect 
than  was  the  steel  of  which  I  have  Ijeen  telling  you,  made  from 
costly  chai'coal  blooms  containing  only  ^|^  to  ifjj  of  1  per  cent, 
of  that  element. 
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Yerv  soon  after  the  Otis  steel  works  vreve  started  open-hearth 
furnaces  began  to  be  erected  all  over  the  country.  They  were 
built  by  the  Pennsylvania  Steel  Company,  at  Steelton,  Pa. ; 
Cleveland  Polling  Mill  works,  at  Kewburg,  near  Cleveland;  the 
Shoenberger  works,  at  Pittsburg;  and  many  others,  among  all 
of  which  the  Carnegie  works  at  Homestead  were  the  most  impor- 
tant. This  is  to-day  the  largest  open-hearth  plant  in  the  Avorld, 
consisting  of  48  furnaces,  of  a  capacity  of  from  40  to  50  tons 
each,  having  a  total  capacity  of  at  least  1,300,000  tons  per 
annum.  The  size  has  increased  from  the  little  5-ton  furnaces  at 
Trenton  and  Boston  up  to  those  having  a  capacity  of  50  tons, 
which  is  the  average  size  now  being  bnilt.  Fnrnaces  of  this  size 
nominally,  at  Ensley,  Ala.,  have  made  heats  yielding  T-t  gross 
tons  of  ingots. 

Furnaces  of  100  tons'  capacitj'  are  being  built,  and  designs 
have  lately  been  made  for  a  furnace  which  will  probably  be  built 
of  200  tons'  capacity  (Figs.  7  and  S).  These  large  furnaces, 
however,  are  not  properly  melting  furnaces,  as  the  bulk  of  all 
the  iron  is  charged  into  them  in  a  liquid  state,  direct  from  the 
blast  furnace.  They  might  more  properly  be  called  "converting 
furnaces. ' ' 

The  output  of  open-hearth  steel  has  grown  from  893  tons  in 
1869  to  3,402,552  tons  in  1900,  against  (5,684,770  tons  made  by 
the  Bessemer  process  in  1900.  But  few  new  Bessemer  convert- 
ers have  been  built  in  this  country  for  several  years,  and  it  is 
not  likely  that  many  more  will  be  built.  The  production  of 
basic  open-hearth  steel  in  this  country  will  soon  exceed  the 
Bessemer  in  tonnage.  Mr.  IloUey  used  to  say  that  "  the  open- 
hearth  process  will  some  day  go  to  the  funeral  of  the  Bessemer." 
It  will  be  many  years  before  that  will  come  to  pass,  but  the  day 
is  not  far  distant  when  the  great  bulk  of  all  the  steel  in  this 
country,  at  least,  will  be  made  on  the  open  hearth  of  the  Siemens 
regenerative  furnace  Ijy  the  basic  process. 

The  drawings  which  I  am  able  to  place  before  j'ou  show  the 
progress  in  the  size  of  the  furnaces,  increasing  from  a  5-ton  fur- 
nace at  the  Bay  State  works  up  to  the  5(»-ton  furnace  at  the 
Duquesne  works,  and  the  200-ton  furnace  which  it  is  proposed 
to  build. 
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FINAL   REPORT    OF  COMMITTEE  OX  STANDARDIZA- 
TlOX  OF  ENGIXES  AXD   DYXAMOS.\ 

1.  The  Committee  on  Standardization  of  Engines  and  Dy- 
namos has  now  completed  its  labors  and  has  the  pleasure  to 
submit  its  final  report,  which  it  hopes  will  prove  satisfactory 
to  the  Society. 

Since  our  last  report  at  Milwaukee,  the  Committee  has  con- 
tinued its  work  on  the  same  lines  as  hitherto,  taking  up  care- 
fully with  manufacturers  of  engines  and  generators  the  points 
remaining  to  be  standai'dized.  We  are  glad  to  be  able  to  repeat 
what  we  have  said  in  previous  reports,  that  the  comments  which 
have  been  received  are  almost  without  exception  commendatory 
and  show  not  only  a  willingness  to  adopt  the  Committee's  rec- 
ommendations, but  an  appreciation  of  the  work  which  has 
been  done. 

2.  The  Committee's  investigation  has  covered  the  standard- , 
ization  of  the  following  points  : 

(f )  The  standard  sizes  of  units  recommended. 

(2)  The  corresponding  revolutions  per  minute  for  these  units. 

(3)  The  sizes  of  shafts  for  the  two  classes  of  centre-crank  and 
side-crank  engine's. 

(4)  The  length  along  the  shaft  required  for  the  generator. 

(5)  The  height  of  axis  of  shaft  over  top  of  sub-base. 

(6)  The  width  of  top  of  sub-base. 

(7)  Armature  fit. 

*  Presented  at  the  New  York  meeting  (December,  1901)  of  the  American  Soci- 
ety of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  tlie  Trans- 
actions. The  Preliminary  Report,  number  887.  was  presented  at  the  Milwaukee 
Meeting,  May,  1901,  and  will  be  found  in  Vol.  XXII.,  p.  520. 

f  For  further  discussion  on  this  topic  consult  Trnnsactioiis  as  follows  : 
No.  818,   vol.   XX.,  p.   758:  "  Standards  for  Direct  Connected  Generating  Sets." 

tT.  B.  Stanwood. 
No.  887,  vol.  xxii.,  p.  .530;  "  Report  of  Committee  on  Standardization  of  Engines 
and  Dynamos." 
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(8)  Overload  capacity  of  engines  and  generators. 

(9)  Brush  holders. 

(10;  Holding-down  bolts,  keys,  and  outboard  bearings. 

Size  of  Units. 

3.  Our  endeavor  has  been  to  reduce  the  number  of  standard 
units  to  the  fewest  sizes.  This  will  commend  itself  to  all  manu- 
facturers as  tending  to  reduce  the  great  number  of  patterns 
required  to  be  kept  on  hand.  For  reasons  stated  in  our  report 
to  the  Milwaukee  meeting,  the  largest  size  embraced  in  our  list 
is  200-kilowatt  capacity. 

In  this  connection  our  report  covers  the  standardization  of 
direct-current  generators  only. 

Bcvolufions. 

4.  These  standard  speeds  have  been  chosen  after  careful  de- 
liberation and  investigation  of  the  practice  of  all  the  engine  and 
generator  builders  in  the  country.  It  will  be  observed  that  we  have 
provided  for  a  permissible  variation  of  speed  ol  Jive  per  cent,  above 
or  below  the  mean  speed,  which  we  recommend ;  an  examina- 
tion of  the  practice  of  all  the  engine  and  generator  builders 
shows  that  this  covers  practically  all  the  machines  which  may 
be  considered  as  a  standard  make  at  the  present  time,  and  we 
have  been  assured  by  some  builders  whose  conditions  differ 
somewhat  that  if  there  is  a  general  agreement  upon  the  scheme 
outlined,  they  will  be  prepared  to  change  their  machinery  to 
conform  to  the  recommendations. 

Shaft  Diameters. 

5.  These  are  also  the  result  of  careful  analysis  of  the  existing 
practice  of  all  manufacturers  and  a  consideration  of  all  the  con- 
ditions affecting  the  diameter  of  the  shaft.  The  preliminary 
report  which  we  sent  out  to  the  manufacturers  has  elicited 
only  a  few  adverse  criticisms,  and  these,  after  correspondence, 
were  withdrawn. 

In  order  that  the  reason  for  the  diameters  of  shafts  that  we 
have  recommended  shall  be  thoroughly  understood,  we  may 
explain  that  (especially  in  shafts  for  side-crank   engines)  the 
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liermissible  deflectiou  has  determiueil  the  diameter.  This,  in 
some  cases,  is  Larger  thau  would  have  been  necessary  for  torsion 
and  bending  if  deflection  did  not  havo  to  be  considered. 

As  cases  sometimes  arise  where  cross-compoimd  engines  or 
double  engines  are  connected  to  generators  coming  within  our 
recommendation,  and  as  such  units  require  considerably  larger 
shafts  than  those  given  in  our  tables,  we  deem  it  necessary 
to  state,  specifically,  that  our  recommendations  apjjly  only  to 
engines  of  usual  proportions,  with  the  generator  attached  at  the 
side  of,  instead  of  between,  the  cranks. 

Length  of  GeHcrator  along  the  Shaft. 

6.  When  we  came  to  investigate  the  question  of  length  along 
the  shaft  (between  limit  lines)  to  be  provided  for  the  generators, 
we  found  that  the  practice  of  manufacturers  required  provision 
for  two  classes,  which  may  be  called  "  long  "  and  "  short "  gener- 
ators. 

It  would,  of  course,  have  been  much  better  if  we  could  have 
provided  for  but  a  single  class,  with  a  small  allowance  for 
variation,  but  there  is  such  a  marked  difference  in  the  lengths 
for  the  same  power  that  we  have  deemed  it  best  to  make  pro- 
vision for  these  two  classes,  so  that  the  engine  builders  can 
govern  themselves  accordingly.  It  will  be  noticed  that  the  maxi- 
mum difi"erence  in  lengths  between  the  two  classes  is  six  inches, 
which  in  the  small  sizes  is  reduced  to  five  inches. 

In  the  case  where  an  engine  is  to  be  provided  for  a  generator 
which  falls  into  the  "  long  "  class,  but  which  is  only  a  little  over 
the  limit  for  the  "short"  class,  or  one  which  is  considerably 
less  than  the  maximum  of  the  "  short "  class,  the  excess  clear- 
ance is  to  be  provided  for  on  the  side  next  to  the  engine  ;  that 
is  to  say,  the  side  away  from  the  commutator. 

We  have  carefully  considered  the  fact  that  for  these  varying 
lengths  of  generator  and  shaft  the  engine  builder  has  to  provide 
difi'ereut  lengths  of  sub-base,  and  in  order  to  reduce  the  expense 
of  patterns  here  to  a  minimum,  our  idea  is  that  these  patterns 
would  be  made  so  that  the  end  away  from  the  commutator  can 
be  extended  the  necessary  amount,  five  or  six  inches,  to  take 
care  of  the  increased  length  of  bed.  Oljviously,  this  means 
simply  a  standard  pattern  with  a  standard  adjustable  end  for 
each  unit. 
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Ikigld  of  Shaft. 

7.  As  is  well  knowu,  tLere  are  two  classes  of  generators  to  be 
provided  for  under  this  head :  Those  which  are  sjjlit  vertically, 
and  those  which  are  split  horizontally.  The  former  have  a  flat 
base  which  rests  directly  npou  the  flat  top  of  the  sub-base, 
while  the  latter  have  feet  which  take  the  weight  of  the  g^en- 
erator. 

In  order  to  arrange  that  the  engine  builders'  patterns  may  be 
reduced  to  a  minimum  and  still  be  stock  patterns,  which  will 
fit  every  style  of  machine,  we  have  chosen  dimensions  for 
height  of  axis  of  shaft  above  top  of  sub-base  sufficient  to  allow 
for  the  vertically-split  machines,  and  also,  except  as  stated 
later,  to  clear  the  periphery  of  the  horizontally-split  machines. 

As  will  be  seen,  the  scheme  provides  for  a  main  jDattern  to 
which  patterns  for  the  stools  and  seatings  for  both  horizontally 
and  vertically-split  generators  can  be  attached  before  the  pat- 
tern is  sent  to  the  foundry— stools  for  the  horizontally-split 
machines  and  rectangular  seatings  for  the  vertically-split  ma- 
chines.    See  Fig.  9. 

In  the  case  of  the  150  and  200-kilowatt  units,  we  have  pro- 
vided for  a  recess  in  the  top  of  sub-base  to  allow  the  lower 
part  of  some  horizontally-sjilit  generator  frames  to  be  accom- 
modated, and  so  to  avoid  unduly  raising  the  centre  of  the  shaft. 
In  the  case  of  the  vertically-split  machines  and  those  which  are 
split  horizontally  and  do  not  need  this  recess,  the  top  of  the 
sub-base  will  be  flat  and  continuous. 

^Y^dth  of  Tup  of  Suh-Base. 

8.  Tliis  has  been  decided  by  careful  examination  of  existing 
practice,  and  we  believe  that  the  figures  we  have  recommended 
will  cover  the  necessities  for  all  sizes  of  generators. 

Annaturc  Fit. 

9.  The  matter  of  armature  fit  has  received  very  careful  con- 
sideration from  the  Committee,  and  our  recommendation  is  for 
what  is  known  as  a  single  fit. 

We  have  obtained  the  opinions  of  manufacturers  in  respect 
to  the  allowance  to  be  made  for  a  pressed  fit,  and  find  that 
allowances  of  xotto  inch  for  shafts  4  inches  to  6  inches,  inclu- 


FINAL   BEPOBT   ON   STANDARDIZATION   OF   ENGINES   AND   DYNAMOS.     103 

sive,  and  j|y^„  inch  for  shafts  G^  iucbes  to  11  inches,  inclusive, 
represent  the  best  existing  practice. 

The  armature  bore  is  to  be  the  exact  size  given  in  the  table, 
and  the  allowance  is  to  be  made  hj  the  increase  of  diameter  of 
engine  shaft. 

We  believe,  that  in  order  to  secure  the  best  results,  it  will  be 
necessary  to  work  to  a  definite  gauge ;  to  this  end  we  recom- 
mend that  the  generator  builder  furnish  a  gauge  the  exact 
diameter  of  the  bore  and  the  engine  builder  make  the  necessary 
allowance  for  the  press  fit,  as  recommended.  This  will  avoid 
uncertainty  as  to  the  responsibility  for  the  fit. 

Overload    Cajxicilij  of  Engines  and  Generators. 

10.  All  the  features  of  our  recommenda,tion  have  so  far  had 
to  do  with  the  question  of  dimensions  as  affected  by  the  mutual 
relations  of  the  generator  and  the  engine.  An  imjiortant  point, 
however,  which  affects  both  the  generator  and  the  engine,  is 
that  of  the  overload  capacity  which  can  reasouabh-  be  expected. 
As  is  doubtless  well  known,  generator  builders  are  frequently 
called  upon  to  provide,  during  short  periods,  for  overloads  of 
as  much  as  .50  per  cent.,  and,  in  occasional  cases,  of  even  100 
per  cent. 

It  is  evident  to  every  engine  builder  that  to  provide  an  en- 
gine large  enough  to  drive  the  generator  under  such  extreme 
overload  capacities,  gives  an  unreasonably  large  engine  for  the 
rated  load,  and  seriously  interferes  with  the  economy  with 
which  the  power  is  produced. 

Bearing  in  mind  that  our  recommendations  are  entirely  for 
standard  practice,  we  are  led  to  recommend  that  the  standard 
overload  rating  of  any  direct-connected  unit  sho\ild  not,  in  any 
case,  exceed  2.5  per  cent,  of  the  rated  capacity. 

It  will,  of  course,  be  understood  that  under  these  conditions 
of  overload  the  economy  of  the  unit  should  not  be  expected 
to  be  as  high  as  when  operated  at  the  rated  load.  We  have 
also  been  asked  by  some  engine  builders  to  call  attention  to  the 
importance  of  giving  the  unit  s^Decial  attention  when  it  is  so 
operated. 

If,  iinder  peculiar  conditions,  a  higher  overload  capacity  is 
demanded,  it  must  be  understood  that  this  is  a  special  case  not 
covered  by  the  standard  machines,  and  provision  must  accord- 
ingly be  made  for  meeting  this  demand. 
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Brush  Holders. 

11.  We  recommeiul  what  we  believe  is  now  tlie  practice  of 
the  best  generator  buiklers,  that  the  brush-holder  rigging  shall 
be  supported  upon  the  generator  frame.  This,  we  think,  will 
commend  itself,  as  it  makes  the  electrical  part  of  the  outfit 
entirely  self-contained. 

Holdhuj-doion  Bolts,  Keys,  and  Outboard  Bearings. 

12.  We  recommend  that  the  holding-down  bolts,  shaft  keys 
for  securing  the  generator  hub  to  the  shaft,  and  the  outboard 
bearings  should  be  furnished  by  the  engine  builders.  This  is 
in  accord  with  almost  universal  practice  at  the  present  time. 

Our  recommendations  in  these  particulars  do  not  cover  mat- 
ters of  so  great  importance  as  some  others ;  but,  if  adopted, 
they  will  tend  to  settle  certain  points  about  which  there  has 
occasionally  been  dispute  and  considerable  controversy  in  cor- 
respondence. 

In  the  table  will  be  found  columns  showing  sizes  of  shaft 
keys  which  we  recommend ;  also  the  number  and  size  of  holding- 
down  bolts. 

It  will  be  noticed  that  we  do  not  give  any  lengths  for  keys. 
We  gave  this  matter  very  careful  consideration,  but  we  found 
that  such  differences  of  opinion  existed  in  respect  to  proper 
length,  that  we  believe  it  best  to  leave  the  determination  of  the 
length  of  key  for  adjustment  by  engine  and  generator  builders 
in  each  individual  case. 

Sizes  of  keys  have  been  taken  so  that  standard  rolled  stock 
can  be  employed. 

We  recommend  that  the  keys  be  made  straight  and  be  iised  as 
feathers.  They  should  therefore  fit  accurately  on  the  edges  and 
not  on  the  top.  Proper  allowance  should  be  made  in  cutting 
the  keyway  in  the  armature  hub,  so  that  there  will  be  suflScient 
clearance  at  the  top  of  the  key. 

Suggestions. 

13.  In  the  course  of  our  investigation  our  attention  has  been 
called  to  a  number  of  points,  which,  from  their  nature,  are  not 
exactly  in  the  same  category  as  those  on  which  we  have  made 
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recommeudatious,  but  we  consider  them  of  such  importance 
that  we  desire  to  offer  them  as  suggestions  for  consideration  by 
members  of  the  Society,  with  a  view  to  their  adoption  if  con- 
sidered sufficiently  meritorious. 

A.  PressiiKj  Armature  on  Shaft. — Usually  the  contract  defi- 
nitely provides  by  whom  this  is  to  be  done,  but  our  sugges- 
tion is  that  if  there  is  no  such  provision  in  the  contract,  it 
should  be  understood  that  the  engine  and  generator  builders 
shall  agree  who  is  to  do  this  work,  so  as  to  avoid  any  dispute 
when  the  separate  portions  of  the  unit  are  delivered  on  the 
premises. 

B.  Floor  Line. — For  convenience  in  operation  and  for  the 
information  of  engine  and  generator  builders,  we  suggest  that 
for  units  up  to  75  kilowatts,  inclusive,  the  floor  line  should  come 
at  the  bottom  of  the  sub-base  ;  and  for  units  100  kilowatts  to 
200  kilowatts,  inclusive,  the  floor  line  should  be  one  inch  below 
the  rough  top  of  the  sub-base. 

C  Protecting  Commutators  from  Oil. — In  view  of  the  fact  that 
in  some  cases  the  distance  between  beai'ing  and  commutator  is 
very  small,  it  is  well  for  engine  builders  to  bear  in  mind  that 
provision  should  be  made  to  prevent  oil  from  the  bearing 
getting  on  the  commutator. 

D.  Some  generator  builders  have  asked  that  the  end  of  the 
shaft  be  drilled  and  tap])ed  to  facilitate,  if  necessary,  the 
removal  or  placing  of  the  armature  on  the  shaft  at  the  place 
of  erection  ;  we  suggest  that  this  be  done. 

E.  In  some  cases,  generator  builders  require  special  nuts, 
bolts,  or  fixtures  for  attaching  generators  to  the  shaft.  Under 
these  conditions  we  suggest  that  the  generator  builders  should 
furnish  all  attachments  to  their  apjiaratus  that  are  not  already 
specified  in  our  report. 

In  Couches  ion. 

14.  In  concluding  our  labors,  we  desire  to  express  our  appre- 
ciation of  the  great  interest  in  our  work  which  has  been  shown 
by  the  engine  and  generator  builders.  They  have  realized  that 
it  was  for  their  benefit,  and  they  have  helped  us  very  materiallv 
by  supplying  freely  the  data  in  their  possession  and  by  their 
intelligent  comments  and  criticisms  of  our  various  recommenda- 
tions. "We  may  say,  indeed,  that  it  is  this  spirit  of  helpfulness 
and  appreciation  that  has  encouraged  \is  to  devote  the  great 
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amount  of  time  and  lal)or  which  we  have  given  to  the  sohition 
of  the  problem. 

We  wish  also  to  exj^ress  our  indebtedness  to  Prof.  John  E. 
Sweet,  who,  as  president  of  the  Engine  Builders'  Association 
and  chairman  of  their  committee  on  standardization,  has  at- 
tended all  of  our  meetings  and  given  us  the  benefit  of  his 
counsel  and  ripe  experience. 

We  believe  that  the  recommendations  we  submit  herewith 
will  accomplish  the  object  for  which  the  Committee  was  ap- 
pointed, and  will,  if  adopted  generally  by  manufacturers,  which 
we  have  every  reason  to  anticipate,  reduce  the  cost  of  manufac- 
ture, expedite  delivei'ies,  and  remove  many  causes  of  complica- 
tion and  dissatisfaction. 

The  favorable  reception  accorded  to  our  preliminary  rejaort 
by  the  Society  leads  us  to  hojje  that  our  completed  work  will 
be  equally  satisfactory. 


James  B.  Stanwood, 

Frank  IT.  Bali., 

\Vm.   D.   Forbes, 

Walter  M.  McFarland.   1         of  Engines  and  Dynamos. 

Alheut  Ij.  Rohrer, 


Committee  on  Standardization 


DISCUSSION. 

3fr.  TT.  A.  Drysdale. — As  a  matter  of  interest,  and  not  in 
any  way  as  a  criticisniof  this  report,  I  give  the  following  infor- 
mation as  to  my  experience  and  othce  practice : 

In  the  last  few  j'ears  we  have  installed  over  eighty  plants  in 
which  direct-connected  units  are  used,  and  have  found  that  the 
speeds  given  in  the  report  practically  agree  with  the  speeds  Ave 
have  used  on  this  class  of  work ;  tlie  only  change  from  the  table 
is  in  size  of  shaft,  our  practice  being  to  use  a  greater  diameter, 
not  from  the  fact  that  the  sizes  given  are  not  sufficiently  lai'ge, 
but  to  eliminate  all  question  of  defects  that  inaj'  occur  in  such 
forgings.  On  overloads  our  practice  is  to  require  an  excess 
above  the  normal  rating  of  twenty-five  per  cent.,  and  to  also 
require  an  overload  of  fifty  per  cent,  for  <t,  few  minutes.  Under 
this  latter  condition  efficiency  of  either  dynamo  or  engine  is  not 
considereil,  simjily  structural  strength  to  withstand  the  overload. 
For  the  ]iurpose  of  placing  the  armature  on  and  removing  it 
from  the  shaft,  we  designed  an  "Armature  Jack"  which  has 
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been  used  successfully  on  all  of  our  work.  This  jack  Avas  patented 
December  15,  1806,  and  a  license  is  issued,  under  our  contracts, 
without  cost  to  the  engine  builder  to  whom  the  work  is  awarded. 
Fig.  10  will  give  an  idea  of  the  application  of  this  jack  and  its 
general  construction. 


/Square  end 


Elgged  for  Pulling  Armature  off 
ARMATURE  JACK 


CAST  IRON  YOKE 


Successful  Contraclor  will  submit  a  working  drawing 

of  this  Jack  for  approval  to  the  C.E.  Extra  heavy  pipe  sli 


Committcs  Rigged  for  Forcing  Armature 

Fig.  10. 

Ifr.  McFarland. — I  only  want  to  say  that,  as  a  member  of 
this  Committee,  I  endorse  very  heai-tily  everything  IMr.  Eohrer 
has  said  about  the  laboring  oar  having  been  wielded  by  Mr. 
Stanwood.  Let  me  add  also  that,  in  the  work  of  the  electric 
company  with  which  I  am  connected,  I  find  there  is  getting  to 
be  quite  a  demand  from  engine  builders  with  whom  we  are  deal- 
ing to  know  when  we  are  going  to  adopt  the  standardization. 
Owing  to  our  preliminary  reports,  the  first  one  in  May  of  1900, 
and  then  again  at  ^lilwaukee  in  May  of  this  year,  some  of  the 
builders  thought  the  matter  was  settled,  and  immediateh'  started 
in  to  regulate  their  work  by  it.  Unfortunately,  \ve  did  not  con- 
sider our  work  finished.     We  had  sent  out  the  preliminary  state- 
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ment  iu  order  to  lind  whether  it  met  with  general  approval,  and 
^vhen  we  found  that  there  Avere  certain  things  that  needed  fur- 
ther adjustment,  we  made  the  necessary  changes.  I  would  like, 
therefore,  to  have  some  action  taken  by  the  Society,  so  that  to 
people  who  ask,  Is  your  work  done?  Has  it  been  adopted  or 
not  ?  we  could  answer.  Yes,  it  is  practically  settled.  I  believe 
it  is  a  custom  of  the  Society  not  to  adopt  any  report,  because 
the  Society  does  not  care  to  be  responsible  as  a  body  for  the 
reports  of  committees,  but  if  the  remarks  made  are  favorable  in 
a  general  way,  and  it  appears  that  the  report  does  meet  \vith 
general  acceptance  by  the  members  of  the  Society,  that  has  the 
same  effect  as  an  actual  vote  definitely  adopting  it.  Before  Ave 
drop  the  subject,  not  necessarily  to-night,  but  early  to-morrow, 
I  would  like  to  have  the  matter  taken  up  and  have  some  expres- 
sion of  opinion,  so  that  when  the  question  is  raised,  as  it  cer- 
tainly will  be,  as  to  when  these  recommendations  are  going  into 
effect,  Ave  may  be  able  to  let  people  Jvuow. 

Note  by  the  Secretary.; — The  American  Society  of  Mechanical  Engineers 
has  adhered  steadfastly  to  a  precedent  established. in  the  early  years  of  its  history, 
with  respect  to  official  action  concerning  the  reports  of  its  professional  commit- 
tees. The  Society  does  not  adopt,  or  even  recommend,  the  standards  or  methods 
reported  to  it  by  its  committees.  The  report  is  presented,  accepted  for  record, 
and  ordered  printed  in  the  Tmiisactioiix.  that  it  may  be  made  publicly  available. 
This  action  was  taken  in  connection  with  the  foregoing  repoit. 
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No.  91  r.* 

REPORT  OF  THE   COMMITTEE   ON  STANDARD    PIPE 
UNIONS,  t 

Your  Committee,  appointed  to  consider  the  subject  of  secur- 
ing uniformity  in  the  threads  ol  coupling  unions  for  pipe,  in 
joint  conference  witli  similar  Committees  of  the  American  Rail- 
way Master  Mechanics'  Association,  and  the  Master  Car  Builders' 
Association,  beg  leave  to  report  as  follows: 

After  considerable  delay  in  getting  the  Committee  together, 
due  largely  to  the  special  engagements  of  some  of  the  members 
in  Government  service  on  account  of  the  war  with  Spain,  your 
Committee  was  finally  organized  with  its  present  membership 
about  two  years  ago,  and  immediately  took  up  the  work  assigned 
to  it  with  the  corresponding  Committees  of  the  American  Hall- 
way Master  Mechanics'  and  Master  Car  Builders'  associations. 

It  was  found  that  the  Committees  of  these  associations  were 
also  considering  two  other  matters,  viz.,  unifoim  pipe  threads, 
and  standard  square  heads  for  bolts;  and  desired  your  Com- 
mittee to  proceed  Avith  the  active  consideration  of  the  subject  of 
uniformity  in  the  threads  of  coupling  unions  for  pipe. 

A  careful  examination  of  the  dimensions  of  the  threads  in  the 
unions  made  b}^  each  of  the  principal  manufacturers  of  these 
fittings  showed  that  there  were  absolutely  no  two  alike,  and 
further,  that  the  other  dimensions  of  the  unions  were  so  affected 
by  the  dimensions  of  the  threads  in  the  coupling  nut,  that  any 
successful  attempt  at  uniformity  in  the  threads  must  necessarily 
carry  with  it  uniformit\'  in  so  many  of  the  other  dimensions  of 
the  union  itself,  that  this  Committee  would  be  obliged  to  take 

*  Presentedat  the  New  York  meeting,  December,  1901,  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Transactions. 

f  The  question  treated  in  this  report  was  presented  to  the  Society  by  Messrs. 
E.  M.  Herr,  W.  H.  Marshall,  and  f.  H.  Qiiereau,  by  an  official  letter  of  November 
16,  1897,  which  was  published  in  the  Transact ionx.  Volume  XIX.,  page  29.  The 
matter  was  referred  to  the  Council  by  the  Annual  .Meeting  of  December.  1897,  and 
pursuant  to  favorable  action  by  that  body,  the  Committee  was  constituted  a.s 
appears  in  this  report.  Reports  of  progress  have  been  made  during  the  interval, 
but  this  report  presents  the  final  opinions  of  the  Committee. 
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up  not  only  the  dimensions  of  the  threads,  hut  of  the  entire 
coupling  union. 

A  careful  study  of  tlie  design  of  all  makes  of  unions  now 
commonly  used  was  then  made  for  all  sizes  of  pipe  fi'om  ^-inch 
to  -l-inch  inclusive.  This  investigation  showed  that  no  make 
of  unions  was  sufficiently  free  from  defects  in  all  sizes  when 
critically  examined  to  warrant  its  adoption  as  a  standard,  even 
had  it  been  considered  desirable  to  do  so;  and  your  Committee 
then  decided  to  undertake  the  complete  design  of  commercial 
sizes  of  malleable  ])ipe  unions  for  wrought-iron  ])ipe  from  |-inch 
to  4-inch  inclusive,  in  order  to  get  a  design  which  we  could 
endorse  as  consistent  and  subniit  as  a  proposed  standard  union. 
While  this  somewhat  broadens  the  scope  of  your  Committee's 
work,  it  seemed  the  only  practicable  way  to  comply  Avitli  our 
instructions. 

The  details  of  the  design  Avere  worked  out  under  the  personal 
direction  of  Mr.  Yogt,  of  the  Committee,  who  has  prepared  the 
data,  drawings,  and  tables  of  dimensions  accompanying  this 
report,  as  follows: 

Figs.  11  and  13  show  a  |-incli  uniou  drawn  full  size,  with  all  dimensions  num- 
bered for  reference  to  the  accompanying  Table  I. 
Table  I.  gives   the  dimensions   of  all   sizes   of   unions   from  ^-iuch  to   4-inch, 
the  figures  at  top  of  column  referring  to  corresponding  dimensions 
on  Figs.  11  and  Vi.     The  description  accompanying  Table  I.  explains 
tliis  Table,  and  where  any  radical  departure  is  made  from  present 
practice,  it  is  explained  and  the  reasons  given  briefly. 
Fig.  13  is  a  diagram  of  dimensions  of  the  proposed  standard  pipe  unions,  and 
shows   all  dimensiona    plotted   to   an   arbitrary   scale,    the   vertical 
dimensions  representing  tenths  of  inches,  the  horizontal  the  outside 
diameter  of  the  pipe. 
Figs.  14-27  show  a  longitudinal  section,  full-size,  of  each  of  the  proposed  stand- 
ard pipe  unions,  through  its  axis  and  the  middle  of  side  of  the  nut. 

It  will  be  noted  that  all  sizes  from  ^-inch  to  ■i-inch  have  the 
pipe  and  swivel  ends  panelled  where  the  pipe  wrencli  engages. 
This  panelling  is  not  put  upon  the  smaller  sizes,  on  account  of 
the  increase  in  size  of  the  nut  and  dependent  ]iarts  necessitated 
by  putting  the  ribs  on  the  ends,  nor  is  it  considered  at  all  neces- 
sary on  these  sizes. 

The  mark  S  on  the  side  of  the  nut  (Fig.  27)  is  suggested  for 
a  designating  mark  wliich  could  be  secured  Ity  this  Society  if 
it  is  deemed  wise  to  pursue  sucli  a  course.  The  Committee 
recommends  that  this  be  copyrighted  and  the  standard  unions 
thus  designated. 
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Under  date  of  March  16,  1901,  your  Committee,  liaving  com- 
pleted the  design  of  proposed  standard  unions,  wrote  the  follow- 
ing letter  to  eleven  of  the  principal  manufacturers  and  dealers  in 
malleable  iron  pipe  unions: 

The  undersigned  were  appointed  a  Committee  of  tlie  American  Socitty  <rf 
Mechanical  Engineers  to  consider  the  matter  of  a  standard  union  for  ordinary 
sizes  of  pipe.  After  a  thorough  study  of  the  situation,  and  finding  that  no  two 
manufacturers  of  unions  made  these  parts  interchangeable,  it  was  decided  that, 
in  order  to  establish  a  standard  union,  the  Committee  should  proceed  on  lines 
entirely  free  from  the  consideration  of  any  special  sizes  or  dimensions  now  used  by 
manufacturers,  excepting  that  the  part  of  the  union  which  is  screwed  upon  the 
pipe  should  conform  with  the  Briggs  Standard  pipe  threads,  as  recentlj'  recom- 
mended by  this  Society,  the  American  Railway  Master  Mechanics'  Association, 
and  the  Master  Car  Builders'  Association.  Acting  upon  this  decision,  a  line  of 
malleable  unions  has  Ijeen  designed,  and  we  are  enclosing  you,  under  separate 
cover,  the  following  in  connection  therewith  ; 

One  blue  print  from  drawing  No.  15427,  showing  dimensions  of  i-inch  and 

2-inch  unions. 
Onfi  blue  print,  dated  Altoona,  Pa.,  June  15th,  1900,  showing  diagrammati- 
cally  "  Proposed  Proportions  for  M.  I.  Pipe  Unions  "  for  all  sizes  of  pipe 
from  1-inch  to  4-incli  inclusive. 
One  blue  print  from  drawing  No.  15009,  showing  J-inch  union  drawn  double 

size  and  with  all  the  dimensions  numbered. 
One  copy  "  Description  Accompanying  Table  of  Malleable  Pipe  Unions." 
One  copy  "  Proposed  Dimensions  for  Pipe  Unions." 
The  dimension  numbers  on  print  from  drawing  No.  15009  have  reference  to  the 
table  of  dimensions  mentioned.     We  believe  this  information  will  enable  you  to 
clearly  see  just  what  the  Committee  proposes  to  submit  to  the  Society  as  a  design 
for  standard  malleable  iron  unions.     Before  formulating  our  report,  we  cordially 
invite  you,  as  a  manufacturer  of  unions,  to  favor  the  Committee  with  any  sugges- 
tions, criticisms,  or  advice  you  may  be  able  to  give,  in  any  way  afieciing  these 
unions,  either  from  the  manufacturers'  standpoint,  or  the   standpoint   of  the 
dealer  in,  or  user  of  these  devices. 

Thanking  you  in  advance  for  any  consideration  you  can  give  to  this  matter,  we 
remain. 

Two  of  those  receiving  such  letters  favored  the  Committee 
with  suggestions  and  criticisms,  which  were  all  carefully  consid- 
ered, and  the  design,  modified  in  the  light  of  these  suggestions, 
Avas  again  submitted  to  the  same  parties  under  date  of  Xovem- 
ber  8,  1901,  as  follows: 

The  Committee  appointed  by  the  American  Society  of  Mechanical  Engineers, 
on  Proposed  Standard  Unions,  having  received  certain  criticisms  and  suggestions 
from  the  manufacturers,  to  whom  the  proposed  design  was  previously  submitted, 
takes  pleasure  in  sending  you  herewith  the  following  prints,  etc.,  showing  the 
design  as  modified,  after  full  consideration  of  the  criticisms  received,  viz  : 

One  print  "  Proposed  Standard   Pipe  Unions,"  dated  June  5.  1901,  showing 
fall-size  .section  of  proposed  unions  as  modified  by  the  committee. 
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Fio.  11.— 1-Inch  Standakd  Pipe  Tniox.     Full  Size. 


One  blue  print  No.  150G9-A,  sliowing  ij-inch  union,  drawn  double  size,  with 

all  dimensions  numbered. 
One  copy  "  Description  Accompanying  Table  of  Malleable  Pipe  Unions," 

dated  November  7,  1901,    explaining  fully  the  dimension  line.s. 
One  copy   table  "  Dimensions   for  Proposed   Standard  Pipe  Unions,"    dated 

November  7.  1901,  giving  actual  diirensions  for  each  size  of  union. 
One  blue  print  showing  modified  diagram  of  dimensions,  dated  October  14. 

1901. 
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FiG.  12— J-Lncu  SxAMiAiaj  Pipi;  Union.     Fum.  Size 
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We  would  ask  you  to  again  make  a  careful  examination  of  this  design  as 
shown  and  favor  us  with  any  criticisms  or  suggestions  which  you  may  have  to 
make,  either  from  the  standpoint  of  the  manufacturer,  dealer,  or  user  of  these 
devices.  As  it  is  the  committee's  earnest  desire  to  submit  their  report  to  the 
Society  at  the  next  meeting,  which  occurs  early  in  December,  we  would  ask  that 
you  let  us  hear  from  you  as  promptly  as  possible. 

Thanliing  you  in  advance  for  an  early  consideration  of  this  matter,  we 
remain. 

To  this  communication,  with  the  exception  of  acknowledg- 
ment of  its  receipt,  no  replies  have  been  received 

Through  the  courtesy  of  Mr.  Stanley  G.  Flagg,  Jr.,  a  numher 
of  ^-iuch  and  2-inch  malleable  unions  have  been  made  for  your 
Committee  from  patterns  prepared  from  the  designs  for  pro- 
posed standard  pipe  union.  These  unions  have  been  tested  to 
destruction  in  two  Avays : 

First.  Tensile.  Tent. — A  round  bar  of  iron,  threaded  Avith 
proper  size  pipe  thread,  was  scrcAved  into  each  end  of  the  union, 
and  a  tensile  strain  Avas  put  upon'  it  until  rupture  occurred. 
Where  the  casting  Avas  good,  the  breakage  generally  occurred 
from  the  sharp  corner  under  the  collar  on  the  nut,  or  under  the 
collar  on  swivel,  indicating  that  the  uniformity  in  strength 
aimed  at  in  the  design  was  probabl}^  affected  by  the  sharp  corner 
left  by  finishing  the  bottom  of  the  nut  and  the  collar  on  SAvivel 
end.  The  strength  seems  ample,  however,  so  no  change  in  the 
dimensions  is  recommended.  The  average  breaking  stress  of 
eight  pieces,  -J-inch,  Avas  11,200  pounds,  minimum  0,850,  maxi- 
mum 12,080;  of  2  inches,  the  average  Avas  3-l,-lr50  pounds,  mini- 
mum 28,800,  maximum  38,600. 

Second.  Tmnsverse  Tents. — Made  by  screwing  a  round  bar  of 
iron,  threaded  as  before,  into  each  end  of  union  nut,  these  bars 
being  of  sufficient  length  to  be  supported  11  inches  either  side  of 
the  centre  of  the  union,  load  being  applied  on  centre  of  union 
nut.  Breakage  occurred  at  different  points,  indicating  fairly 
uniform  strength.  The  average  breaking  stress  of  three  pieces, 
^-inch,  Avas  T30  pounds,  minimum  710,  maximum  750;  of  2 
inches,  the  aA^erage  Avas  7,930  pounds,  minimum  7,800,  maxi- 
mum 8,000. 

I'ursting  tests  Avere  also  made  Avith  ^-inch  and  2-iucli  unions 
by  putting  a  j^ressure  of  water  upon  the  union  Avhen  fitted  to 
piping.  The  ]iressure  Avas  gradually  increased  to  1,200  pounds 
]H'r  square  inch,  the  naaximum  oljtainable,  Avith  no  failure,  except 
some  leakage  under  these  pressures  at  tlie  joint. 
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FlQ.    13.— DlAOKAM  OF   DIMENSIONS  OF   STANDARD   PiPE  UNIONS. 
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In  order  to  secure  and  maintain  the  uniformity  aimed  at,  if 
the  report  of  this  Committee  be  adopted,  it  will  be  necessar}'^  to 
have  standard  gauges  ]irepared  for  the  finished  parts,  i.e.,  the 
thread  and  collar  of  the  nut,  the  external  thread  and  finished 
parts  of  the  nose  piece,  and  the  external  finished  portions  of  the 
swivel.  The  threads  for  pipe  connections  are  already  established 
standai'ds  recommended  by  this  Society  being  the  Briggs  stan- 
dard for  pipe  threads. 

The  results  of  our  work  have  been  communicated  to  the  Com- 
mittees of  the  American  Railway  Master  Mechanics'  Associa- 
tion, and  Master  Car  Builders'  Association  from  time  to  time, 
and  your  Committee  has  been  greatly  aided  by  their  assistance. 
We  understand  the  designs  submitted  herewith  will  also  be  sub- 
mitted to  the  railroad  associations  by  their  Committees  at  their 
next  meeting. 

KespectfuUy  submitted, 

E.  M.  Here, 
A.  S.  VOGT, 
"William  J.  Baldwin, 
Geoege  M.  Bond, 
Stanley  G.  Flago,  Jr. 

Descutption  Accompanying  Table  I.  i>f  Malleable  Pipe  Unions. 

Column  No.  1  in  Table  I.  represents  tlie  nominal  Jiameter  of  pipe. 

Column  No.  3  represents  diameter  of  pipe  at  one-half  the  height  of  full  thread 
nearest  solid  section  of  pipe. 

Column  No.  3  represents  the  internal  diameter  of  the  pipe. 

Column  No.  4  represents  the  difEerenco  between  Columns  Nos.  3  and  3,  and  is 
equal  to  twice  the  thickness  of  metal  in  pipe  measured  from  inside  line  to  one- 
half  the  height  of  thread,  as  specified  before. 

Column  No.  5  represents  the  outside  diameter  of  end  of  pipe  union  and  is  taken 
as  No.  3  plus  twice  No.  4  plus  an  arbitrary  increment. 

Column  No.  6  is  equal  to  No.  5  plus  an  increment  varying  from  .04  to  .07  of  an 
inch.  This  increment  was  allowed  for  the  purpose  of  being  able  to  slip  the  nut 
over  upper  swivel  end  of  union. 

Column  No.  7  is  No.  6  plu?  an  amount  varying  between  .15  and  .35.  This  lip 
created  is  considerably  in  excess  of  what  exists  on  present  pipe  unions  for  the 
reason  that  we  find  the  surface  between  the  lip  and  the  corresponding  part  of  the 
nut  is  often  damaged,  and  the  bearing  surface,  when  the  full  strength  of  the  man 
is  used  on  the  wrench,  is  in  sufficient.  We  assume  that  a  man  would  pull  about 
thirty  pounds  on  a  wrench,  with  a  po.ssibility  of  using  less  force  on  pipes  of  small 
diameters.  For  that  reason  we  make  a  variation  in  the  width  of  lip,  which  lip, 
theoretically,  would  be  uniform  for  all  sizes  of  pipe.  The  nut  itself  has  been 
strengthened  to  prevent  the  lip  from  deflecting  upward. 
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Fia.  21.— li-lNCH. 


Fig.  22.  —  i-lNCH. 


Fig.  23.— 2^-1xch. 
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FlQ.  24.— 3-lNCH. 


Coluinn  No.  8  is  No.  7  plus  an  increment  varying  from  .02  to  .04  of  an  incli. 

Column  No.  9  is  No.  8  plus  twice  the  height  of  the  thread. 

Column  No.  10  is  No.  9  plus  an  increment  varying  between  .04  and  .08  of  an 
inch. 

Column  No.  11  is  No.  10  plus  one  and  one-half  times  No.  4. 

Column  No.  12  is  two  and  one-half  times  No.  4,  and  was  figured  especially  for 
bearing  surface,  so  that  the  thread  would  not  wear  away  too  rapidly  when  the 
nut  is  occasionally  removed. 


Fio.    25.— 3i-lNCH. 
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C'olumu  No.  13  Las  been  assiimetl  arbitrarily,  but  in  all  cases  is  greater  than 
the  length  of  full  thread  on  standard  [lipe. 

Column  Ko.  14represents  the  number  of  threads  per  inch  in  length  of  nut.  This 
thread,  we  believe,  .should  be  United  States  Standard  form  and  not  sharp  thread. 

Column  No.  1.5  is  taken  arbitrarily,  but  is  based  on  the  probable  requirements 
of  manufacturers  for  tapping  out  the  nut. 

Column  No.  16  is  three-fourths  of  No.  4. 

Column  Xo.  17  represents  the  full  height  of  nut,  and  is  equal  to  No.  12  plus 
No.  15,  plus  No.  10. 

Column  No.  18  is  the  amount  of  projection  outside  of  nut. 

Column  No.  19  is  No.  3  plus  No.  4  plus  an  arbitrary  increment. 

Column  No.  20  is  No.  7  less  No.  16  with  slight  modifications. 

Column  No.  21  represents  the  clearance  at  several  points,  as  indicated  on  print. 

Column  No.  23  is  assumed  arbitrarily. 

Approved  by  Mr.  A.  S.  VoGT, 

November  6,  1901. 
Wilmerding,  Penna. 

December  3,  1901. 

TABLE   I. 

Dimensions  for  Proposed  Standard  Pipe  Unions. 


1 

2 

3 

4 

• 

6 

7 

8 

9 

10 

11 

iinch 

..375 

.270 

.105 

..59 

.63 

.78 

.80 

.85 

.89 

1.05 

iinch 

.496 

..364 

.132 

.76 

.80 

.96 

.98 

1.05 

1.09 

1.29 

finch 

.630 

.4S4 

.136 

.90 

.95 

1.11 

1.13 

1.20 

1.24 

1.45 

iinch 

.783 

.641 

.100 

1.16 

1.21 

1.38 

1  40 

1.49 

1.51 

1.78 

J  inch 

.992 

.824 

.168 

1..38 

1.43 

1.61 

1.03 

1.72 

1.77 

2.02 

1    inch 

1.346 

1.018 

.198 

1.74 

1.79 

1.98 

2.01 

2.13 

2.19 

2.49 

IJ  inches 

1.592 

1.380 

.312 

2.12 

2.18 

2.37 

2.40 

2.58 

2.58 

2.90 

li  inches 

1.831 

1.610 

.221 

2,40 

2.46 

2.66 

2.69 

2.81 

2.87 

3.20 

2   inches 

2.306 

2.067 

.23!) 

2.89 

2.95 

3.16 

3.19 

3.31 

3.38 

3.74 

2J  inches 

2.775 

2.4C8 

,307 

3.39 

3.45 

3.67 

3.70 

3.86 

3.93 

4.39 

3   inches 

3.401 

3.067 

,331 

4.07 

4.13 

4.36 

4.40 

4.56 

4.63 

5,13 

3i  inches 

3.901 

3..M8 

.353 

4.61 

4.68 

4.91 

4.95 

5,11 

S.19 

5.72 

4   inches 

4.4 

4.026 

.374 

5.15 

5.22 

5.47 

5.51 

5.67 

5.75 

6.31 

Approved  by  Mr.  A.  S.  Vogt,  November  6,  1901. 
Dimensions  for  Proposed  Standard  Pipe  Unions 


1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

\  Inch 

.26 

} 

27 

.2225 

.08 

.5685 

^ 

„59 

.615 

.006 

.05 

}inch 

.33 

A 

IH 

.2635 

.10 

.6925 

1*0 

.76 

.76 

.006 

.06 

J  inch 

.34 

! 

18 

.2835 

.11 

.7325 

g 

.90 

.905 

.006 

.07 

}  inch 

.40 

t'b 

14 

.3025 

.13 

.8225 

H 

1  03 

1,20 

.006 

.08 

i  inch 

,42 

4 

14 

.3225 

.13 

.8725 

i 

1,24 

1,43 

.007 

.09 

1    inch 

.49 

A 

11 

,3625 

.15 

1,0025 

M 

1.565 

1,76 

.007 

.10 

1} inches 

.53 

.6 

11 

.3825 

.16 

1.0735 

.9 

1,91 

3,15 

.007 

.11 

IJ  inches 

.55 

.7 

11 

.4025 

.17 

1.1235 

1.0 

3.18 

3.40 

.007 

.13 

3   inches 

.60 

8 

11 

.42M 

.18 

1  2025 

1.1 

2,66 

2.90 

.008 

.14 

24  inches 

.77 

.9 

8 

..5225 

,33 

1..5235 

1.3 

3.16 

3.41 

.008 

.li 

3   inches 

.84 

1.0 

8 

.5625 

.35 

1 ,6535 

1.3. 

3.81 

408 

.008 

.IS 

34  mcbes 

.88 

1.1 

8 

.6025 

,37 

1.7.535 

1.4 

4.31 

4.63 

.008 

.20 

4   inches 

.94 

1.2 

8 

.6335 

,28 

1.8435 

1,5 

4.81 

5.19 

.008 

Wilmerding,  Penna., 

December^,  1901. 


Approved  by  Mr.  A.  S.  Vogt,  Nov.  6,  1901, 
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Fig.  26.— 4-Inch. 
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DISCUSSION. 


Mr.  William  Kent. — I  would  like  to  ask  Mr.  Bond  what  was 
the  object  of  taking  a  copyright  on  that  report  ? 

Mr.  Bond. — The  Committee  considered  it  might  be  well  to 
have  a  designating  mark,  if  this  design  was  adopted  and  gener- 
ally recognized  by  the  fittings  associations  or  by  the  people  who 
make  or  use  pipe  unions,  so  that  those  bujnng  unions  put  upon 
the  market  having  the  letter  "  S  "  upon  them  would  know  they 
were  the  standard  sizes,  as  recommended  by  this  Committee, 
and  having  this  special  symbol  copyrighted  would  prevent  the 
unauthorized  use  of  this  designating  mark. 

Mr.  Kint. — Only  the  trade  mark? 
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2[)\  Bond. — Just  the  letter  "S"  and  its  surroiindiiig  circle. 
That  might  be  copyrighted  and  assigned  to  the  American  Society 
of  Mechanical  Engineers,  and  a  license  for  manufacture  under 
this  copyright  issued  V)y  the  Society  for  a  nominal  sum,  just  as 
has  already  been  done  by  the  Societj^  for  the  manufacture  of  the 
decimal  gauge. 

On  motion,  duly  seconded  and  carried,  the  report  was  accepted 
and  ordered  to  be  printed  in  the  Transactions. 

Note  by  the  Secretary. — The  American  Society  of  Mechanical  Engineers 
has  adhered  steadfastly  to  a  precedent  established  in  the  early  years  of  its  history 
with  respect  to  official  action  concerning  the  reports  of  its  professional  commit- 
tees. The  Society  does  not  adopt,  or  even  recommend,  the  standards  or  methods 
reported  to  it  by  its  committees.  The  report  is  presented,  accepted  for  record, 
and  ordered  printed  in  the  Transaclionx,  that  it  may  be  made  publicly  available. 
This  action  was  taken  in  connection  with  the  foregoing  report. 
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WORKING   LOADS  FOR  MANILA    ROPE.-f 

BY  C.   W.   HUNT. 

(Member  of  the  Society.) 

1.  The  technical  reference  books  iu  use  by  engineers  do  not 
■contain  definite  information  in  relation  to  the  proper  working 
loads  for  manila  rope,  when  used  in  tackle  blocks  or  for  cargo 
hoisting.  The  hoisting  of  heavy  weights  is  au  imjjortant  branch 
of  erecting  work,  and  I  desire  to  record  in  the  proceedings  of 
the  Society  a  statement  of  the  result  of  an  extended  experience, 
together  with  some  examples  of  the  life  of  rope  in  actual  ser- 
vice, which  will  be  a  guide  to  engineers  iu  judging  what  service 
can  reasonably  be  expected  in  similar  cases. 

2.  The  ultimate  strength  given  in  Table  II.  is  materially 
affected  by  the  age  and  condition  of  a  rope  in  active  service,  and 
also  it  is  said  to  be  weaker  when  it  is  wet.  Trautwine  states 
that  a  few  mouths  of  exposed  work  weakens  rope  20  to  50  per 
cent.  The  ultimate  strength  of  a  new  rope  given  in  column  B^ 
Table  II ,  is  the  result  of  tests  made  by  the  company  with 
which  I  am  connected  of  full-sized  specimens  of  manila  rope, 
purchased  in  the  open  market,  and  made  by  three  indepen- 
dent rope  walks.  The  results  were  given  in  a  paper  printed 
in  volume  xii.,  page  230,  of  the  Transactions  of  this  Society. 
Prof.  B.  Kirsch,  of  the  Imperial  Eoyal  Technological  Indus- 
trial Museum,  in  Vienna,  has  siuce  broken  over  200  specimens 
of  rope,  mostly  35  mm.  (1|  inches)  and  55  mm.  (2^  inches) 
diameter,  and  his  results  agree  within  five  per  cent,  with  these 
figures.    These  tests  demonstrated  that  within  the  limits  of  com- 

*  Presented  at  the  New  York  meeting  (December,  1901)  of  the  American 
Society  of  Mecbanica]  Engineers,  and  forming  part  of  Volume  XXIII.  of  the 
Transactions. 

t  For  further  discussions  on  the  same  topic  consult  the  Transactions  as  fol- 
lows : 

No.  436,  vol.  xii.,  page  230  :  "  Rope  Driving."    C.  VV.  Hunt. 
No.  439,  vol.  xii.,  page  626  :  "Two-Rope  Haulage  System."     K.  Van  A.  Norria. 
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mercial  sizes  of  hoisting  rope,  the  full  strength  could  be  obtained 
for  larger  as  well  as  for  smaller  sizes.  When  the  strength 
falls  off,  the  rope  is  imperfectly  laid,  or  made  on  a  machine 
too  weak  for  tlie  work.  The  ultimate  strength  of  rope  is,  in  this 
class  of  work,  useful  for  one  purpose  only  ;  that  is,  to  estimate 
the  factor  of  safety  with  any  given  working  stress.  The  strength 
given  is  for  ordinary  commercial  rope,  which  may  be  greatly 
exceeded  in  strength  by  rope  made  of  selected  materials.  The 
strength  given  in  Table  II.  can  be  depended  upon  as  a  reliable 
and  safe  guide  in  estimating  the  factor  of  safety  for  any  case  in 
hand. 

3.  The  proper  diameter  of  pulley-block  sheaves  for  different 
classes  of  work,  given  in  columns  F,  G,  and  //(Table  II.)  is  a 
compromise  of  the  various  factors  affecting  the  case.  An  in- 
crease in  the  diameter  of  sheave  will  materially  increase  the 
life  of  a  rojje.  The  advantage,  however,  is  gained  by  increased 
difficulty  of  installation,  a  clumsiness  in  handling,  and  an  increase 
in  first  cost.  It  can  safely  be  assumed  that  the  best  size  is  one 
that  considers  the  advantages  and  the  drawbacks  as  they  are 
found  in  j^ractical  use,  and  makes  a  fair  balance  between  the  con- 
flicting elements  of  the  problem.  It  would  be  rash  for  any  one  to 
attempt  to  make  a  decision  from  theoretical  considerations  ;  but 
an  average  of  the  practice  of  a  large  number  of  users  working 
under  all  the  varioiis  circumstances  of  financial  stress  or  super- 
abundance, of  urgency  or  leisure,  of  mathematical  analysis,  or 
rule  of  thumb  decisions,  furnishes  an  acceptable  basis  for  a 
decision  as  to  the  limits  of  good  engineering  practice.  That 
average  the  table  aims  to  give. 

4.  An  abundance  of  data  is  available  from  which  to  draw  a 
reasonable  conclusion  in  the  premises.  A  few  typical  illustra- 
tions will  make  clear  the  method  of  procedure,  and  also  be  of 
service  in  showing  what  changes  in  sizes  or  proportions  an  en- 
gineer, in  any  given  case,  could  make  to  reach  a  higher  efficiency 
of  mechanism,  or  a  greater  commercial  economy.  In  driving 
28,908  piles  on  the  Chicago,  Milwaukee  and  St.  Paul  Eailway, 
the  engineering  department  kept  an  accurate  account  of  the 
number  of  piles  driven  by  each  one  of  the  79  lines  of  various 
sizes  of  manila  rope  used.  From  tliis  record  the  average  num- 
ber of  piles  driven  by  each  size  of  rope  was  computed,  and  also 
the  cost  of  rope  per  pile  driven  was  ascertained.  This  account 
showed  that  for  hammers  weighing  from  1,800  pounds  to  2,600 
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pounds,  l^-incli  diameter  rope  was  the  best,  and  for  hammers 
from  2,600  to  3,200  pounds,  rope  If  inches  in  diameter  shoukl  be 
used.  Similar  records  covering  many  years  have  been  kept  by 
various  coal  dealers,  of  the  diameter  and  cost  of  their  rojje  per 
ton  of  coal  hoisted  from  vessels,  using  sheaves  of  from  12  to  16 
inches  in  diameter.  These  records  show  conclusively  that,  in 
hoisting  a  bucket  that  produces  900  pounds  stress  upon  the 
rope,  a  Ij-iuch  diameter  rope  is  too  small  and  a  Ij-inch  rope  is 
too  large  for  economy.  The  size  in  general  use  for  this  work  is 
1^  inches.  The  Pennsylvania  Railroad  Co.  use  li-inch  rope, 
running  over  14-inch  diameter  sheaves  for  hoisting  freight  on 
all  their  lighters  in  New  York  harbor,  and  handle  on  a  single 
part  of  the  rope  loads  up  to  3,0:i0  pounds  as  a  maximum 
Greater  weights  are  handled  on  a  6-part  tackle. 

5.  Robert  Grimshaw,  in  1893,  in  collaboration  with  Lieut. 
J.  A.  Bell,  of  the  Equipment  Bureau,  U.  S.  N.,  made  a  series  of 
tests  at  the  Brooklyn  Navy  Yard  on  sheaves  of  various  diam- 
eters and  with  various  loads.  "  The  rope  was  ordinary  mauila, 
3  strand,  3^  inches  in  circumference,  such  as  is  used  in  the 
United  States  Navy.  It  was  dry,  and  tested  on  a  '  cat  and  fish  ' 
tackle  constituting  a  6-fold  purchase  ;  sheaves  were  8  inches  in 
diameter,  the  three  upper  ones  having  roller  bearings  and  the 
three  lower  ones  plain  solid  bushings.  The  lower  block  and 
hook  weighed  75  pounds."  The  result  of  these  tests,  so  far  as 
they  are  pertinent  to  this  paper,  are  given  in  Table  I. 

6.  It  is  interesting  to  compare  the  life  of  a  rope  when  used 
with  the  stresses  and  sheaves  given  in  columns  C  and  /''(Table 
II.)  with  one  when  used  with  those  of  columns  I)  and  G.  To 
illustrate  this,  take  two  cases  using  exactly  the  same  size  and 
quality  of  rope  ;  one  to  be  worn  out  in  hoisting  coal  from  vessels, 
with  stresses  and  sheaves  as  per  columns  />  and  G,  and  the 
other  to  be  iised  on  a  rope  drive  with  the  stresses  and  sheaves 
as  per  columns  V  and  /'  ,•  all  the  wear  on  the  rope  comes  from 
its  internal  friction  in  bending  over  sheaves,  and  its  external 
chafing  in  running  on  and  off  them.  A  record  of  the  number  of 
bends  made  by  each  of  the  ropes  during  its  life  will  be  a  con- 
venient means  of  comparison.  A  rope  li  inches  in  diameter 
usually  hoists  from  a  vessel  from  7,000  to  10,000  tons  of  coal  on 
a  well  arranged  hoist.  The  rope  will  have  a  working  stress  of 
from  850  to  900  j^ounds  running  over  three  sheaves,  one  12  inches 
and  two  16  inches  in  diameter  ;  in  hoisting  10,000  tons  it  makes 
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20,000  trills,  bending  in  that  time  from  a  straight  line  to  the 
curve  of  the  sheave,  or  vice  versa,  120,000  times.  The  rope, 
when  this  service  is  completed,  is  worn  out  and  must  be  re- 
placed by  a  new  one. 

7.  To  illustrate  the  endurance  of  the  rope  used  in  the  trans- 
mission of  power,  take  a  tin-plate  mill  transmitting  1,000  horse- 
power to  the  rolls  by  means  of  1^-iuch  diameter  mauila  ropes. 
In  one  particular  case  the  sheaves  are  5  feet  and  17  feet  in 
diameter  and  36  feet  apart,  centre  to  centre.  The  rope  is  86 
feet  long,  runs  5,000  feet  per  minute,  making  13,900  bends  per 
hour,  or  more  bends  in  9  hours'  service  than  the  other  rope 
made  in  its  entire  life.  As  is  well  known,  the  life  of  a  trans- 
mission rope  is  measured  by  years,  not  hours.  This  enormous 
difference  in  the  life  of  ropes  of  the  same  size  and  quality  is 
wholly  gained  by  reducing  the  stresses  on  the  rope  and  increas- 
ing the  diameter  of  the  sheaves. 

8.  The  weakening  effect  given  in  Table  III.  of  various  knots, 
hitches,  and  bends  used  in  rope  tackle  is  based  upon  exjjeriments 
made  in  the  laboratory  of  the  Massachusetts  Institute  of  Tech- 
nology. Forty-five  pieces  of  2\-inch  circumference,  three-strand 
manila  rope,  cut  from  one  coil,  were  broken  in  sets  of  from  three 
to  seven  ropes,  each  rope  of  a  set  having  the  same  fastening,  and 
the  average  strength  of  each  set  being  compiited.  Each  differ- 
ent set  tested  some  one  of  the  fastenings  in  common  use.  The 
results  were  not  erratic,  but  consistent,  and  from  them  a  safe 
conclusion  can  be  drawn.  In  examining  the  various  knots 
broken,  it  is  evident  that  those  fastenings  in  which  the  standing 
part  makes  a  short  bend  over  another  part  of  the  rope  are  the 
weakest.  Those  like  a  round  turn  and  a  half-hitch,  or  a  timber 
hitch,  have  a  less  abrupt  bend  in  the  standing  part,  and  are 
materially  stronger.  With  care,  an  eye  in  the  end  of  a  rope 
having  the  ends  of  the  strands  tapered  down,  can  be  spliced 
over  an  iron  thimble  so  that  it  will  have  substantially  the  full 
strength  of  the  rope ;  but  as  an  eye  is  usually  made  it  is  not  so 
strong,  for  which  due  allowance  is  made  in  the  table.  The  same 
remarks  apply  to  a  splice  in  a  rope.  In  the  table  some  knots 
are  included  which  were  not  tested,  but  whose  ajiproximate 
strength  is  evident  from  their  formation.  The  table  is  'to  be 
used  only  as  a  guide  in  estimating  the  factor  of  safety.  The  loss 
of  efficiency  by  the  use  of  these  knots  was  conclusively  settled 
by  the  experiments  above-mentioned,  and  the  numerical  value 
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TABLE    I. 
From  Grimshaw  Kepokt. 

Net  Load  on  Tackle 
Weight  Raised. 

Theoretical  Amount 

Required  to  Raitsc  the 

Net  Weight. 

Actual  Vowcr  Required. 

E.^tra  Power  Required 
over  the  Theoretical. 

600  pounds. 

800       ■' 
1,000      •' 
1,200      " 

100     pounds. 
133.3       " 

166.7      " 
200' 

158  pounds. 

19S 

243 

2S8 

58    lbs. 
64.3  ". 
76      •■ 

88      " 

58  p.  c. 
48      " 
45.8  " 
44      " 

TABLE   II. 
Working  Load  for  Manila  Rope. 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

II. 

Ml.MMUM 

Diameter  o 

F  Sheaves 

Diameter 

ritimate 

of  Rope. 

Strength, 

Inches. 

Pounds. 

Rapid. 

Medium. 

Slow. 

Rapid. 

Medium. 

Slow. 

1 

7,100 

200 

400 

1,000 

40 

12 

8 

H 

9,000 

250 

500 

1,250 

45 

13 

9 

n 

11,000 

300 

600 

1,5011 

50 

14 

10 

If 

13,400 

380 

750 

1.900 

:)0 

15 

11 

li 

15,800 

450 

9U0 

2,200 

60 

16 

12 

If 

18,800 

530 

1,100 

2,600 

65 

17 

13 

n 

21,800 

620 

1,250 

•    3,000 

70 

18 

14 

TABLE   III. 

Tre  Efficiency  of  Knots  in  a  Percentage  of  the  Full  Stuength  of 
THE  Rope,  and  the  Factor  of  Safety  when  Used  with  Stresses,  as 
PER  Column  E,  Table  II. 


I.                        J.               K. 

L.       1        M. 

A' 

0. 

P. 

Eye. 
spMce 

"iron" 
Thimble. 

Short 

Splice  in 

the 

Rope. 

HU.^'h'      Bowline 
Round        1' P 
Turn.andl     K°ot, 
Half-     1    ^  °™ 
hitch.         1*'"="- 

Square 
Knot, 
Weavers* 
Knot, 
Sheet 
Bend. 

Flemish 
Loop, 

Overhand 
Knot. 

Rope  Dry. 
Average  of 
Four  Tests 
from  the 
Same  Coil 
as  the 
Knots. 

The    efficiency  of 

the  liBot .         .  .      90 
Factorof  .safety  ..        6.3 

80 
5.6 

05              60 
4.5           4.2 

50 
3.5 

-15 
3.1 

100 

7 
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fixed  within  such  narrow  limits  that  the  results  cannot  safely  be 
ignored  in  executive  work. 

9.  It  will  be  understood  that  a  table  of  working  loads  must 
be  a  general  one,  covering  ordinary  cases  arising  in  practice. 
Local  conditions  may  be  siich  as  to  make  it  advisable  to  vary 
from  the  stresses  given  in  the  tables.  In  cases  of  great  impor- 
tance an  engineer  should  carefully  investigate  the  subject  in 
detail,  and  then  decide  upon  the  exact  stresses  that  he  will  put 
on  his  tackle,  but  ordinary  cases  are  fully  covered  by  the  data 
given  in  the  tables  herewith. 

In  this  table  the  work  required  of  the  rope  is,  for  convenience, 
divided  into  three  classes — "  rapid,"  "  medium,"  and  "  slow," 
these  terms  being  used  in  the  following  sense  : 

"  Slow  " — Derrick,  crane,  and  quarry  work  ;  speed  from  50  to 
100  feet  per  minute. 

"  Medium  " — Wharf  and  cargo,  hoisting  150  to  300  feet  per 
minute. 

"  Eapid  " — 400  to  800  feet  per  minute. 

The  diameter  of  the  rope  in  column  A  is  obtained  by  divid- 
ing the  girth  by  3.1416.  This  method  gives  for  a  three-strand 
rope  nine-tenths,  and  for  a  four-strand  ninety-three  hundredths 
of  the  diameter  of  a  circumscribed  circle.  The  girth  method 
corresponds  closely  to  the  circular  diameter  of  the  rope  when 
under  stress,  and  is  the  most  convenient  and  practical  method 
of  measuring. 


WATEll   POWER   DEVELOPMENT   AT    HANNAWA    FALLS.  131 


IXo.  919.* 

WATER    POWER]   DEVELOPMEyT  AT   llAN^AWA 
FALLIS. 

BY    WALLACE    C.   JOHNSON.    NIAOABA   FALLS,   N.   T. 

(Member  of  tin-  Soriety.) 

1.  The  most  important  factor  which  has  contributed  towards 
the  preeminence  of  the  State  of  New  York,  among  the  States  of 
the  Union,  is  the  waters  of  the  streams  flowing  throiigh  her 
territory  or  along  her  borders.  The  streams  have  formed  the 
h.arbors  on  lakes  and  ocean,  and  themselves  furnish  waterw^aj-s 
for  internal  commerce.  Wherever  falls  and  rapids  render  them 
unnavigable,  power  may  generally  be  derived  for  manufactur- 
ing. The  most  important  soi;rce  of  power  is  in  the  waters  of 
the  Great  Lakes  as  they  flow  through  the  Niagara  and  St. 
Lawrence  rivers. 

The  second  in  importance  as  a  source  of  power  is  the  drain- 
age from  the  elevated  forests  of  the  Adirondack  Mountains. 
Here  are  upwards  of  11,000  square  miles,  800  feet  or  more  above 
the  level  of  the  Hudson  at  Albany,  and  500  feet  or  more  above 
the  St.  Lawrence  and  Lake  Champlain.  The  amount  of  power 
which  it  is  practicable  to  obtain  from  the  water  flowing  from 
this  vast  area  in  its  descent  to  the  lower  levels  is  very  great, 

*  Presented  at  tlie  New  York  meeting  (December,  1901)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  tlie 
TransacUons. 

f  For  previous  discussions  on  tliis  topic.  Power  Plaut,  consult   Transactions 
as  follows  : 
No.  483,  vol.  xiii.,  p.   331  :  "  Notes  on  a  Problem   in    Water   Power."    .Tobn 

Ricl'.ards. 
No.  583.  vol.  XV.,  p.  669:  "A  New   Form   of  Canal  Waste  Weir."    John  R. 

Freeman. 
No.  665,  vol.  xvii.,  p.  41  :  "Water  Power:  Its  Generation  and  TraiLsmission.'' 

Samuel  Webber. 
No.    666,  vol.    xvii.,    p.    .58  :  "  Water  Power  ;  Caratunk   Falls,  Kennebec  IJiver, 

Maine."     Samuel  McElroy. 
No.  787,  vol.  six.,  p.  839:    "Some  of  the  Mechanical  Features  of  the  Power 

Development  at  Niagara  Falls."     Coleman  Sellers. 
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and  is  a  natural  resource  of  great  value.  The  State  of  New 
York,  by  establishing  a  forest  preserve  covering  substantially- 
all  of  tliis  area,  has  insured  its  preservation  as  a  source  of 
power. 

2.  The  legislature  now  has  it  in  its  power  to  double  the  value 
of  this  great  resource  by  passing  a  law  which  will  permit  the 
construction  of  reservoirs  within  this  forest  domain  under 
proper  restrictions.  The  largest  river  to  draw  its  water  from 
this  region  is  the  Hudson,  which  drains  4,000  square  miles  of 
this  forest,  net  including  the  water  received  from  the  Mohawk. 
The  second  is  the  Eaquette  River,  which  drains  an  area  (shown 
on  Fig.  28)  of  upwards  of  l.li'O  square  miles.  This  drainage  area 
is  nearly  all  Avithin  the  great  elevated  plateau  lying  on  the  north 
slope  of  the  Adii-ondacks  <at  an  elevation  of  from  1,200  to  l,fiOO 
feet  above  the  sea  level.  In  this  tract  are  Long  Lake,  Eaquette 
Lake,  Tupper  Lake,  Little  Tupper  Lake,  Jordan  Lake,  and  many 
other  smaller  lakes  and  ponds.  The  entire  area  is  practically 
free  from  steep  slopes  and  mucli  of  it  is  of  a  swampy  nature. 
These  lakes  and  swamps  form  natural  reservoirs,  which  have  a 
very  considerable  effect  in  equalizing  the  run-off.  I  know  of  no 
stream  in  the  eastern  part  of  the  United  States  which  has  so 
large  a  low-water  flow  in  proportion  to  the  area  of  country 
drained  as  the  Raquette.  The  flow  at  Colton,  the  point  where 
the  Raquette  crosses  the  800  feet  elevation  line,  seldom  falls 
below  1,000  cubic  feet  per  second,  though  the  drainage  area 
above  this  is  but  little  more  than  1,100  square  miles.  The 
minimum  flow  of  the  rivers  of  the  State,  in  proportion  to  area 
drained,  will  hardly  average  more  than  one-third  this  amount, 
and  in  several  cases  it  is  not  more  than  one-eighth  to  one-tenth. 
The  Raquette  River  is  further  remarkable  in  that  it  has  a  drop 
of  about  300  feet  in  the  first  three  miles  of  its  course  below 
Colton,  and  a  further  fall  of  85  feet  in  the  next  two  miles  of 
its  course. 

3.  The  land  and  water  rights  along  this  part  of  the  river  have 
been  acquired  by  the  Hannawa  Falls  Water  Power  Company. 
The  lower  85  foot  fall  has  been  developed  first.  A  dam  has 
been  built  at  the  village  of  Hannawa  Falls,  which  forms  a  pond 
two  and  one-half  miles  long  and  covering  about  200  acres. 
From  this  pond  the  water  is  conducted  by  a  canal  al)out  2,700 
feet  long  to  a  forebay,  thence  by  penstocks  to  the  M'heels.  The 
tailrace  extends  about  2,000  feet  down  from  the  power  house, 
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being  separated  from  the  river  by  an  eiubaukmeut  of  earth  and 
stone. 

The  location  of  the  dam,  forebaj-,  power  honse,  and  tailrace 
is  shown  on  Fig.  29.  At  the  point  selected  for  tlie  dam,  the  bed 
of  the  river  was  entirely  Potsdam  sandstone,  the  strata  dipping 
at  an  angle  of  about  30  degrees  with  the  horizontal  down  stream. 
The  banks  of  the  river  at  this  point  were  nearly  perpendicular 
walls  of  sandstone  about  375  feet  apart,  up  to  a  level  of  about 
10  feet  below  the  crest  of  the  dam. 

4.  The  general  plan  of  the  dam  and  entrance  to  the  canal  is 
shown  on  Fig.  30.  On  the  west  bank  of  the  stream  a  wing  wall 
was  built  on  top  of  the  ledge  forming  that  bank  of  the  river, 
and  on  the  down-stream  face  the  wall  was  carried  down  to  the 
river  bed.  This  wing  wall  was  carried  to  a  height  of  8  feet 
above  the  crest  of  the  dam.  From  the  back  of  this  retaining 
wall  a  core  wall  of  concrete  3  feet  in  thickness  was  built  from 
the  rock  up  to  the  level  of  about  6  feet  above  the  crest  of  the 
dam.  This  core  wall  was  about  85  feet  in  length,  and  ran  back 
to  a  point  where  the  level  of  the  natural  ground  was  above  the 
top  of  the  wing  wall.  From  the  back  of  the  wing  wall  an  earth 
fill  was  made  on  each  side  of  the  core  wall  having  a  top  width  of 
8  feet  and  a  sloj^e  on  each  side  of  two  to  one,  making  the  connec- 
tion between  the  wing  wall  and  the  natural  bank.  Kunuing 
east  from  this  wing  wall  the  overflow  dam  jDroper  was  234i  feet  in 
length.  Then  another  wing  wall  8  feet  in  thickness,  and  an 
opening  for  waste  gate  15  feet  6  inches  wide,  and  another  wing 
wall  against  the  bank  on  the  east  side  similar  to  the  one  on  the 
west  side  above  described,  both  8  feet  above  the  crest,  com- 
pleted the  dam.  A  section  of  the  overflow  dam  is  shown  on 
Fig.  31.  The  general  level  of  the  river  bed  was  about  30  feet 
below  the  crest  of  the  dam,  but  owing  to  the  dip  of  the  rock, 
the  strata  being  very  irregular,  some  points  in  the  foundation  of 
the  dam  were  40  feet  below  the  crest.  This  irregularity,  pre- 
senting as  it  did  faces  of  rock  nearly  at  right  angles  to  the  line 
of  pressure,  made  the  best  foundation  obtainable  for  the  dam. 
No  excavation  was  made,  therefore,  for  a  foundation,  except  to 
form  a  seat  for  the  toe  of  the  dam,  as  shown  on  Fig.  31.  (See 
also  Fig.  35.) 

5.  The  materials  for  the  construction  of  all  the  masonry  work 
were  obtained  from  tlie  large  quarries  of  the  Potsdam  Red  Sand- 
stone Company,  which  are  located  on  the  west  bank  of  the  river 
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Fig.  30.— Plan   of   the  Dam  and  the  Head 
FLOW,  Waste  Gate.  Entrance  to 
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Fi«.   31. — Ckoss-section  op  the  Dam. 

between  the  dam  and  tlie  power  house.  This  stone  is  obtained 
from  the  quarry  with  very  level  beds,  and  no  cutting  was  done 
on  any  part  of  the  work  except  to  level  the  crest  of  the  dam 
after  the  stone  was  in  place.  For  the  down-stream  face  of  the 
dam,  stones  from  12  to  18  inches  in  thickness  and  not  less  than 
2  feet  wide  and  3  feet  to  G  feet  in  length  were  used,  the  beds 
being  laid  normal  to  the  surface.  For  the  up-stream  face  of  the 
dam  a  rubble  wall  about  3  feet  thick  was  laid  of  smaller  stone. 
The  space  between  was  filled  with  large  boulders  aud  irregular 
shaped  quarry  stones  with  concrete  rammed  in  around  and 
between.  Natural  cement.  Union  brand,  was  used  throughout 
except  for  laying  the  stone  on  the  down-stream  face  of  the  dam, 
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where  Giant  Portland  was  used.  Natural  cement  concrete  was 
raised  in  the  j^roportions  of  1  part  cement,  2  parts  sand,  and  4 
parts  broken  sandstone.  The  dam  was  completed  in  the  fall  of 
1899,  and  has  had  ii-  feet  of  water  on  its  crest  in  two  different 
seasons.  When  the  water  is  below  the  crest  the  dam  is  perfectly 
tight. 

6.  It  was  thought  desirable  to  be  able  to  control  the  level  of 
the  v?ater  in  tlie  pond,  was  necessary  to  provide  for  the  passing 
of  large  quantities  of  logs  by  the  dam,  and  was  also  desirable  to 
have  a  means  of  discharging  debris  floating  in  the  stream  and 
preventing  its  entering  the  canal;  for  these  reasons  the  15i-foot 
space  at  the  end  of  the  dam  was  closed  by  a  steel  waste  gate, 
shown  in  detail  in  Fig.  32.  This  gate  consists  of  a  steel  frame 
closing  the  15i-foot  space,  the  sill  being  30  feet  below  the  crest 
of  the  dam.  At  the  bottom  are  two  openings,  6  feet  wide  and 
8  feet  high,  which  can  be  closed  by  gates  operated  by  hydraulic 
cylinders.  At  the  top  are  two  other  openings  about  6  feet 
square,  closed  by  gates  which  are  opened  by  being  pushed 
down,  permitting  as  great  a  depth  of  water  as  desired  to  flow 
over  the  tojD  of  the  gate.  Both  of  these  gates  have  worked  very 
freely  and  accomplished  the  purpose  for  which  they  were  de- 
signed. 

7.  The  entrance  to  the  canal  is  in  the  east  bank  of  the  pond, 
about  42  feet  above  the  dam,  the  width  of  the  entrance  being  80 
feet.  For  the  purpose  of  permitting  the  canal  to  be  closed,  by 
means  of  stop-gates,  four  piers,  4  feet  in  thickness,  were  built  at 
equal  intervals  in  this  80-foot  opening,  leaving  five  openings, 
each  14  feet  7  inches  in  the  clear,  and  arches  wei'e  turned  on 
these  piers,  forming  an  arch  liridge  across  the  entrance  to  the 
canal  (Figs.  30  and  36).  A  little  below  the  entrance  to  the  canal 
is  a  waste  weir  and  gate,  by  means  of  which  the  water  can  be 
drawn  from  the  canal  into  the  river,  as  shown  in  Fig.  30.  This 
waste  weir  is  also  spanned  by  an  arch  bridge. 

8.  The  canal,  from  the  dam  to  the  forebay,  about  2,700  feet 
in  length,  is  20  feet  in  depth  from  the  tojj  of  the  banks,  the 
bottom  being  14  feet  below  the  crest  of  the  dam.  The  topog- 
raphy of  the  ground  through  which  it  passes  is  such  that  it 
was  possible  to  lay  out  the  canal  so  that  for  the  greater  part 
of  its  length  it  would  be  partially  in  excavation  and  j^artially 
in  embankment,  the  material  taken  from  the  excavation  being 
nearly  all   used   in   making   the   embankments.      The  bottom 
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•width  of  the  canal  is  30  feet,  the  top  widtli  110  feet,  making  the 
inside  slopes  two  to  one  iu  all  cases.  The  width  of  the  top  of 
the  embankment  is  8  feet,  and  tlie  outside  slopes  li  to  1.  The 
materials  excavated  were,  for  the  most  part,  a  gravell}-  loam, 
overlying  hard-packed  sandstone  chips  and  sand  mixed  with 
some  clay,  which,  though  hard  to  excavate,  proved  to  be  excel- 
lent material  for  embankment.  Much  care  has  been  taken  in 
letting  water  into  the  canal  and  in  compacting  the  embankments. 
They  are  now  entirely  free  from  leakage.  The  outside  of  the 
banks,  and  the  inside  down  to  the  water  have  been  given  a 
dressing  of  stable  manure  and  sown  with  quack  grass,  which  is 
now  growing  luxuriantly,  presenting  a  very  pleasing  appearance. 
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as  well  as  being  of  substantial  benefit.  The  section  of  the  canal 
was  designed  to  carry  2,500  cubic  feet  per  second  of  water,  with 
a  velocity  of  3  feet  i^er  second,  it  being  the  intention  to  use 
that  quantity  of  water  when  available. 

9.  It  is  also  likely  that  the  Hannawa  Falls  Water  Power  Co., 
together  with  other  water  power  owners  on  the  same  river,  will 
be  able  to  construct  reservoirs  whicli  will  maintain  a  constant 
flow  of  2,500  ciibic  feet  per  second  in  the  river.  The  canal  ends 
in  a  forebay  (shown  in  Fig.  33),  from  which  the  penstocks  lead 
down  to  the  power  house  on  the  bank  of  the  river  below.  At 
the  entrance  to  the  forebay  the  canal  is  some  4  feet  in  excavation, 
the  balance  is  emltankment.  The  ends  of  the  banks  are  sup- 
ported by  retaining  walls,  to  which  the  forebay  walls  are  con- 
nected. From  the  retaining  walls,  core  walls  of  rubble  masonry 
from  4  to  6  feet  thick,  are  run  back  into  the  centre  of  the  em- 
bankment about  50  feet,  and  down  to  good  material.  To  prevent 
water  following  along  the  face  of  the  wall  and  so  through  the 
bank,  three  buttresses  about  3  feet  square  are  built  on  each  side 
of  the  core  wall. 

10.  The  forebay  walls  are  of  a  form  and  dimensions  shown  in 
Figs.  33  and  34.  They  are  built  of  concrete  having  stone  em- 
bedded in  it,  and  the  outside  faced  with  sandstone  blocks  6  to  8 
inches  thick  and  10  to  12  inches  deep.  In  the  walls  are  embedded 
the  ends  of  seven  penstock  pipes,  six  10  feet  and  one  6  feet  in  di- 
ameter. The  10-foot  pijDes  are  enlarged  to  12  feet  in  the  upper 
4  feet  of  their  length.  Around  the  outside,  and  flush  with  the 
masonry,  is  a  band  of  6  by  6  angle  iron  rivetted  to  the  pipe.  The 
penstocks  are  set  18  feet  apart  on  centres ;  midway  between  each 
two  is  a  buttress  of  stone  masonry  4  feet  wide  and  2  feet  thick. 
To  the  outer  corners  are  fastened  6  by  6  angles,  forming  slides 
for  the  head  gates.  This  arrangement  leaves  a  sj^ace  2  by  14 
feet  for  the  free  admission  of  air  to  the  jDeustocks.  The  gates 
are  of  wood  and  are  hoisted  by  a  rack  and  pinion,  being  con- 
nected to  one  main  shaft,  which  is  operated  by  an  electric  motor. 
In  front  of  the  gates  are  the  racks  supported  by  a  steel  frame, 
the  gates  and  racks  being  covered  by  a  wooden  building. 

11.  The  natural  ground  upon  which  this  forebay  was  built 
was  fine  sand.  The  walls  go  down  to  the  boulder  hardpan, 
found  at  depths  varying  from  3  to  10  feet  below  the  bottom  of 
the  forebay.  To  prevent  anj'  leakage  of  water  under  the  walls, 
the  entire  bottom  of  the  forebay  has  been  filled  to  a  depth  of 
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Fig.  33.-PLAN  of  the  Lower  Floor  of  the  Power  House  and  Pulp  Mill,  euuwmu  also  tue  Penstocks 
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Fig.  34  — Ckoss-skctio.n  of  the  Poweii  HorsE  and  FnuEnvv  ai.oxo  Pkxstoi-k  No.  2,  showing  the  Water  Wheels.  SwiTCHBOAiiD  Gallery,  and  Wet  MAcniUE  and  Screen  Eoom  of  Pulp  Mill;  also  the  Head  Gates,  RAns  Gates,  etc.,  in  the  Forehat. 
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about  3  feet  with  clay,  packed  b}'  water,  aiul  on  top  of  tins  is 
about  4 -inches  of  concrete,  iu  wLicli  expanded  metal  has  been 
embedded.  This  concrete  and  expauded-metal  lining  is  also  car- 
ried back  50  feet  into  the  canal  (Fig.  38 ),  on  the  bottom  and  sides 
of  the  canal,  and  attached  to  the  top  of  the  wing  -walls,  as  they  fol- 
low the  slojje  of  the  bank.  Where  the  concrete  and  metal  lining 
is  put  on  the  sides  of  the  embankments,  8  b}^  10  inch  planks 
were  set  up  edgewise  and  embedded  in  the  earth,  the  length 
being  up  and  down  the  bank,  the  exjijinded  metal  being  fastened 
to  the  edge  of  the  planks  before  the  concrete  was  put  on.  These 
precautions  were  considered  necessary  on  account  of  the  treach- 
erous material  on  which  the  foreb.iy  was  built,  and  they  have 
proved  entirely  efficient,  as  there  is  no  leakage  whatever  from 
the  forebay. 

12.  About  100  feet  in  front  of  the  forebay  is  the  high  l)auk  of 
the  river,  the  water  of  which,  at  that  point,  is  about  75  feet  below 
the  crest  of  the  dam.  Between  the  water  of  the  river  and  the 
face  of  the  high  bank  was  sufficient  room  for  the  power  house. 
At  that  point  a  building  250  feet  iu  length  by  60  feet  in  width 
for  one-half  its  length,  and  75  feet  in  width  for  the  balance,  two 
stories  high,  has  been  built.  The  floor  of  this  power  house  is 
72  feet  below  the  crest  of  the  dam.  The  tailraces  (Fig.  41)  have 
been  excavated  so  that  the  water  in  them  stands  12  feet  below 
the  floor,  when  the  wheels  are  running,  giving  a  working  head 
of  84  feet  on  the  wheels. 

13.  The  building  (Figs.  39  and  40)  is  constructed  entirely  of 
Potsdam  sandstone  and  steel.  The  floors  are  concrete  with  ex- 
panded metal,  and  the  roof  is  built  of  sandstone  flags,  2  inches  in 
thickness,  laid  on  T-irons.  The  lower  floor  is  22  feet  in  clear,  and 
is  served  by  a  travelling  hand-crane  of  16  tons'  capacit}'.  The  rip- 
per floor  is  10  feet  in  clear  below  the  bottom  chords  of  the  trusses. 
A  space  12  feet  wide  across  the  up-stream  end  of  the  building,  in- 
cluding the  tower  at  the  southwest  corner,  has  a  mezzanine  floor 
between  the  first  and  second  stories,  which  is  used  for  offices.  The 
lower  floor  of  the  building,  at  the  south  end,  a  room  115  feet  long 
by  75  feet  wide,  is  the  electric  station.  A  space  12  feet  in  width, 
along  the  east  side,  the  floor  of  which  is  on  the  same  level  as  the 
office  floor,  is  used  as  a  switchboard  gallery,  the  space  underneath 
being  used  as  a  transformer  room.  At  the  south  end  of  the  room 
and  ou  the  east  side,  is  a  1,250  horse-power  water  wheel,  fed 
by  the  6-foot  penstock  mentioned  above,  to  either  end  of  which 
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is  direct-coupled  a  350-kilowatt,  3-phase,  4,400-volt  generator. 
Underneath  the  north  end  of  this  room  is  one  of  the  10-foot  pen- 
stocks, in  which  there  are  three  openings  for  receiving  three 
wheels  similar  to  the  one  above  described.  To  each  of  two  of 
these  wheels  will  be  connected  two  generators  similar  to  those 
now  connected  with  wheel  No.  1,  and  the  fourtli  will  be  provided 
with  an  extension  shaft,  to  which  will  be  belted  an  air  compres- 
sor and  other  machinery. 

14.  The  penstock  pijies  were  built  of  steel  {■,■  inch  and  5  inch 
in  thickness,  specified  to  contain  not  more  than  j^g  of  1  per 
cent,  of  phosphorus,  to  have  a  tensile  strength  of  from  52,000 
to  G2,000  pounds  per  square  inch,  25  per  cent,  elongation,  and  50 
per  cent,  reduction.  The  plates  were  furnished — bent  and 
punched — by  the  Variety  Iron  Works,  of  Cleveland,  and  Stru- 
thers,  Wells  &  Co.,  of  Warren,  Pa.,  and  erected  in  place  by  day 
labor. 

15.  The  water  wheel  above  mentioned  consists  of  two  Ameri- 
can type  runners  on  the  same  shaft,  discharging  outward.  (The 
woi-d  "  American  "  is  tised  as  referring  to  the  general  type  of 
wheel,  and  not  the  particular  wheel  known  by  the  trade  name 
"American.")  The  wheel  shaft  stands  at  I'ight  angles  with  the 
penstock  which  enters  the  wheel  case  on  the  side.  The  flow  of 
water  through  the  wheel  is  regulated  by  guides  connected  to  a 
cast-iron  I'ing  and  moved  by  an  eccentric.  The  water  is  dis- 
charged through  qiaarter-turns  and  draft-tubes  to  the  tailrace. 
The  runners  are  built  of  gun  metal  bronze,  so  called,  the  mov- 
able guides  of  cast  steel,  the  shaft  of  hammered  iron,  the  case 
and  draft-tubes  of  rolled  steel,  and  the  balance  of  the  work  of 
cast  iron.  The  wheels  were  built  by  James  Leffel  &  Co.  under 
a  contract  in  which  the  general  form  and  dimensions,  the  kind 
and  quality  of  materials,  and  the  sj^eed,  power,  and  efficiency 
were  specified.  The  speed  is  regulated  by  a  Lombard  governor 
geared  directly  to  the  gate  rigging. 

16.  The  two  350-kilowatt  generators  are  connected  to  the 
wheel  shaft  by  plate  couplings  having  a  movable  plate  between 
the  faces.  Both  sides  of  this  movable  plate  have  a  feather 
formed  out  of  the  same  piece  of  metal  and  fitted  to  correspond- 
ing seats  in  the  faces  of  the  coupling.  This  enables  the  coupling 
to  be  driven  with  only  two  Ijolts,  which  can  be  quickly  removed 
and  the  plate  taken  out  in  case  it  is  desired  to  run  either  of  the 
generators  without  the  other.     This  wheel  and  generators  run  at 


WATER   POWER   DEVELOPMENT   AT   HANNAWA   FALLS. 


143 


144  WATER   POWER   DEVELOPMENT   AT    HANNAWA   FALLS. 

300  revolutions  per  minute.  The  two  350-kilowatt  generators 
are  of  the  revolving  field  type,  having  24  poles  and  delivering 
three-phase  current  at  a  frequency  of  60  periods  per  second  and 
a  pressure  of  4,400  A'olts.  Excitation  is  by  two  belted  exciters 
each  of  sufficient  capacity  to  supjily  both  generators. 

17.  The  switchboard  of  Vermont  marble  consists  of  two  gener- 
ator panels  with  indicating  instruments,  one  exciter  panel  with 
switches  and  instruments  for  both  exciters,  two  4,400-volt  feeder 
panels,  with  relay,  circuit  breakers,  oil  break  switches,  and  watt- 
meters, one  220-volt  panel  with  seven  distributing  switches, 
one  transformer  panel,  and  one  20,000-volt  panel  with  three 
qiiick  break  switches  having  marble  barriers. 

18.  The  Hannawa  Falls  Water  Power  Co.  owns  the  electric 
lighting  plant  in  the  village  of  Potsdam,  four  and  one-half 
miles  from  the  station.  A  double  line  has  been  built,  each  line 
consisting  of  three  cables  of  seven  strands  each  of  No.  10  alum- 
inum wii-e.  This  line  was  figured  to  transmit  375  kilowatts 
with  a  drop  of  400  volts,  delivering  4,000  volts  at  Potsdam.  The 
20,000-volt  line  is  intended  to  run  to  the  village  of  Canton,  ten 
and  one-half  miles  from  the  station,  and  thence  to  the  city  of 
Ogdensburg,  nineteen  miles  farther.  The  220-volt  feeder  panel 
was  intended  for  station  lighting  and  local  distribution. 

19.  All  of  the  lower  floor  of  the  power-house  building  not 
occupied  by  the  electric  station  above  described  and  all  of  the 
second  floor  will  be  occupied  by  a  ground  wood  pulp  mill  of  a 
capacity  of  100  tons  per  day.  Large  quantities  of  sjjruce  wood 
for  the  manufacture  of  pulp  are  still  available  in  the  region 
ti'ibutary  to  the  Eaquette  River,  and  the  location  is  within  easy 
reach  of  the  great  l^ulji  wood  district  of  the  Province  of  Quebec. 
For  the  purpose  of  shipping  in  wood  and  shipping  out  ])n\p,  as 
well  as  for  general  purposes,  the  Hannawa  Falls  Water  Power 
Co.  has  built  a  standard  gauge  railroad  aboiit  four  and  one- 
half  miles  long,  connecting  with  the  New  York  Centi'al  at  Pots- 
dam. The  mill  has  been  arranged  with  a  view  to  utilizing  both 
the  above-mentioned  sources  of  wood  supply.  Wood  from  the 
Raquette  watershed  will  be  floated  down  the  river  and  the  power 
canal,  taken  out  near  the  forebay,  and  carried  by  log  conveyors 
to  the  piling  ground  and  sawing  and  barking  buildings,  on  the 
flat  ground  to  the  north  of,  and  about  40  feet  below,  the  fore- 
bay.  After  being  sawed  and  barked  it  will  be  taken  on  narrow- 
gauge  cars,  hauled  by  a  small  electric  locomotive,  to  the  grind- 
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iug  room.  The  Canadiau  wood  wall  be  delivered,  peeled,  on 
railroad  cars  and  imloaded  either  in  the  storehouse  located  232 
feet  from  the  power  house  or  in  the  grinder  room,  to  which  the 
railroad  track  is  extended.  The  stored  wood  is  brought  to  the 
grinder  room  by  means  of  cars  on  the  same  track. 

20.  In  the  grinder  room  are  placed  two  pairs  of  water  wheels 
of  3,500  horse-power  capacity'  each,  on  horizontal  shafts,  supplied 
with  water  from  two  independent  10- foot  penstocks  and  dis- 
charging into  a  common  tailrace.  The  grinders  are  of  the  ioin- 
pocket  type,  with  stones  .54  by  27  inches,  twelve  in  number, 
three  on  each  side  of  each  wheel,  direct-coupled  to  the  same. 
The  foundations  for  the  grinders  are  of  masonry  firmly  built, 
and  under  each  grinder  is  a  ditch  faced  with  large,  smooth 
stones  to  receive  the  ground  stock.  The  front  ends  of  the 
ditches  are  closed  and  jjrovided  with  a  drain  hole  in  the  bottom 
for  occasional  cleaning.  The  back  end  is  open  and  has  a  groove 
cut  on  each  side  to  receive  the  dam.  From  these  ditches  the 
stock  flows  over  the  dam  into  a  wooden  hopper  and  through  the 
floor  to  a  wooden  spout,  which  conveys  the  stock  to  a  large 
automatically  cleaned  screen  located  directly  over  the  stock 
tank  in  the  basement.  Two  centrifugal  stock  pumps,  placed 
on  a  level  lower  than  that  of  stock  in  the  tank,  convey  the 
stock  further  through  a  spiral  riveted  pipe  to  a  tank  built  on 
four  masonry  piers  on  the  bank  between  the  power  hoiise  and 
the  forebaj-.  These  two  pumps  usually  work  together,  but  in 
case  of  failure  of  one  of  them,  either  pump  can  be  shut  down 
and  repaired  while  the  other  is  capable  of  doing  the  work  alone 
for  a  short  period.  From  the  above-mentioned  tank,  the  stock 
is  conveyed  by  gi'avity  to  the  screens  in  the  wet-machine  room. 
This  room  is  located  above  the  grinder  room  and  occupies  the 
entire  length  and  width  of  the  building.  The  screens  are  placed 
near  the  walls  and  driven  from  two  countershafts  on  each  side 
of  the  room.  Space  is  provided  for  forty-eight  12-plate  screens, 
placed  in  two  rows,  one  higher  than  the  other.  They  are  coupled 
together  in  groups  of  six,  each  group  driven  by  a  separate  pulley 
There  is  room  enough  also  for  twent}'  wet  machines  provided 
with  hydraulic  pressure  on  the  rolls  and  placed  toward  the  centre 
of  the  biiilding  with  the  press  ends  facing  each  other.  The 
upper  row  of  screens  receives  the  stock,  as  above  described, 
from  the  stock  tank  on  the  bank  through  a  spiral  rivetted  pipe 
running  in  the  trusses  above   the   screens,  and  each  screen  is 
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suiDiDlied  with  stock  indepeudent  of  the  other.  The  ujDper 
screens  discharge  into  a  common  wooden  trough,  and  this 
trough,  in  its  turn,  sujjplies  the  lower  row  of  screens,  each  in- 
dependently of  the  other.  The  lower  row  of  screens  again  dis- 
charges into  another  common  wooden  trough,  which  supplies 
the  wet  machines.  By  means  of  these  common  troughs  and  the 
independent    supply   on    the    screens,  any    disturbance    in    the 


Fig.  40. — View  op  the  Power  House  pkom  the  Up-stke-^m  End.  The 
Wooden  Storehouse  Seen  in  the  Background  ;  also  the  Porebay 
AND  THE  Penstocks  under  Construction  at  the  Right  of  the  Power 
House. 


cajDacity  of  either  a  screen  or  a  wet  machine  can  be  repaired  at 
any  time  without  decreasing  the  output  seriously.  All  screens 
are  provided  with  independent  power-driven  rakes.  When  the 
pulp  is  taken  from  the  wet-machine  rolls  and  folded  it  is  laid 
on  a  conveyor  running  between  the  two  rows  of  wet  machines. 

21.  The  return  water  from  the  wet  machines  is  discharged 
under  the  lower  row  of  screens,  and  conveyed  to  a  tank  located 
outside  of  the  building,  on  a  level  between  the  first  and  second 
floors.     From  this  tank  the  most  of  the  return  water  is  delivered 
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to  the  grinders  by  gravity,  though  some  of  it  is  primped  back 
to  the  screens  with  a  cen*^^rii"ugal  pump  placed  by  the  side  of  the 
two  stock  pumps  in  the  basement.  The  draining  of  the  floor  in 
the  wet-machine  room  is  done  through  holes  in  the  floor,  one 
under  the  wet  machines  and  one  between  them,  connected  to 
pipes  running  under  the  floor  along  the  building.  All  tanks, 
screens,  and  wooden  troughs  are  provided  witli  overflow,  con- 
veying the  stock  back  to  the  tank  in  the  basement. 


Fig.  41. — The  Tailrace  rxDER  Construction.  In  the  Centre  of  the 
Picture  is  the  Made  Esibankment,  separating  the  Taii-race  prom 
THE  River.  A  Dry  Wall  HjVs  since  been  Built  on  Both  Sides  of 
the  Tailrace,  as  Shown  on  this  Picture  on  One  Side. 


22.  The  power  for  the  wet-machine  room  is  delivered  by 
means  of  a  rope  drive  from  water  wheel  No.  4  in  the  electric 
station  to  a  main  shaft  running  the  full  length  of  the  wet-ma- 
chine room  in  the  centre  of  the  building  and  supported  liy  hang- 
ers bolted  to  a  steel  frame  connected  to  the  trusses.  Strained 
fresh  water  for  shower  pipes  and  hose  is  supplied  by  two  pumps 
coupled  together  and  placed  in  the  wet-machine  room.  At  the 
same  place,  and  driven  from  the  same  shaft  as  the  fresh  water 
pumps,  is  a  suction  jjumji  for  producing  vacuum  in  the  suction 
boxes  on  the  wet  machines.  Another  rope  drive  furnishes  the 
power  from  the  main  shaft  to  the  pumps ;  one  branch  of  the 
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cli'ive  runs  down  to  a  countershaft  in  the  basement  for  the  stock 
pump  and  the  return  water  pump,  and  another  branch  to  the 
countershaft  for  the  fresh  water  and  suction  pumps. 

23.  The  conveyor  between  the  wet  machines  consists  o*  125 
small  cars  fastened  to  a  moving  endless  steel  cable,  and  runs 
the  whole  length  of  the  wet-machine  room,  with  the  driving 
mechanism  in  the  far  end  of  the  room.  From  this  room  it  runs 
on  an  incline  on  wooden  trusses  supported  by  wooden  bents,  to 
the  storehouse  (Fig.  42 1,  and  through  the  entire  length  of  this 
building.  The  cars  are  carried  back  reversed  on  a  lower  ti'ack. 
When  the  pulp-laps  reach  tlie  storehouse,  they  are  either  loaded 
on  railroad  cars  jdaced  at  the  side  of  the  conveyor,  or  stored, 
which  can  be  done  to  a  capacity  of  3,000  tons. 

2-1.  The  entire  plant  has  been  designed  by,  and  built  under  the 
personal  supervision  of,  the  writer.  The  details  of  the  pulja  mill 
have  been  worked  out  by  Mr.  Louis  DeGeer,  and  the  exterior 
of  the  power  house  is  the  design  of  Mr.  Y.  Emile  Thebaiid,  archi- 
tect. All  the  excavation  and  masonry  have  beeu  done  by  the  faith- 
ful sons  of  Italy,  under  the  direction  of  my  assistant,  Mr.  Wilson 
Oilman,  and  foreman  Louis  La  Barge.  Mr.  O.  H.  Tappan, 
secretary  and  treasurer  of  the  company,  has  given  the  closest 
personal  attention  to  the  management  of  the  work,  and  Mr. 
Wm.  B.  Cogswell,  member  of  tliis  Society,  and  a  director  of  the 
Hannawa  Falls  Water  Power  Co.,  has  frequently  visited  the 
work,  and  has  made  many  valuable  suggestions. 
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ENGINE 8. \ 

BY  ERNEST  W.   NATLOR,  PHILADELPHIA,  PA. 

(Member  of  the  Society.) 

1.  So  far  as  sharp  cut-off,  exijansiou,  exhaust,  and  compression 
were  concerned,  the  early  engines  with  hand-actuated  valve  gear 
were  better  than  any  engine  with  valve  gear  actuated  by 
mechanical  means  at  the  present  day ;  but  the  speed  being 
limited  by  the  endurance  of  man,  necessity  for  continuous  work 
and  more  speed  brought  into  use  mechanically  actuated  valves 
more  or  less  perfect.  High  steam  jjressures  made  it  neces- 
sary to  compound  the  cylinders  in  order  to  get  the  most  pos- 
sible out  of  the  steam ;  but  even  with  the  vast  improvements  made 
in  recent  years,  the  engine  is  still  limited  in  speed  by  its  valve 
gear ;   expansion   and   compression  are  also   limited  in  single 
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No.    31,  vol.  ii.,   p.  132:  "A  Brief  Treatise   on  the  Steamboat  Cam."     Lewis 
.lohiison. 

No.  77,  vol.  iii  :  "Spring  Face  for  Poppet  Valves."     Gram  Curtis.     (See  Ameri- 
can Machinist,  Juue  3,  1882.) 

No.  97,  vol.  iii.,  p.  150  :  "Back  Pressure  on  Valves."     S.  W.  Robinson. 

No.  116,  vol.  iv.,  p.  268 :  "  Balanced  Valves."     C.  C.  Collins. 

No.  130,  vol.  v.,  p.  34  :  "  Motion  Curves  of  Cut-off  Valves."   A.  Wells  Robinson. 

No.  335,  vol.  X.,  p.  521  :  "Cornish  or  Double-beat  Pump  Valves."     A.  F.  Nagle. 

No.  567,  vol.  XV.,  p.  177:  "  The  Buckeye  Engine  Valve  Gear."   A.  K.  Mansfield. 

No.  616,  vol.  xvi.,  p.  117  :  "  Description  of  a  Cam   for  Actuating  the  Valves  of 
High-speed  Steam  Engines."     Charles  T.  Porter. 

No.  617,  vol.  xvi.,  p.  134:  "Description  of  an  Improved  Centrifugal  Governor 
and  Valve."     Charles  T.  Porter. 

No.   769,   vol.   xix.,p.  449:   "The   Stevens  Valve   Gear   for  Jlarine  Engines." 
Andrew  Fletcher. 

No.  793,  vol.  XX.,  p.  42:  "Valve  Gear  of  the  VVillans  Engine."     .John  Svenson. 

No.  809,  vol.  XX.,  p.  475 :  "  The  Allen  Valve  for  Locomotives."     C.  11.  Quereau. 

No.  824,  vol   XX.,  p.  967 :  "  New  System  of  Valves  for  Steam  Engines,  Air  En- 
gines, and  Compressors."     F.  W.  Gordon. 
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cylinder  engines  to  a  considerable  degree  ;  and  wliile  we  get 
increased  economy  by  compounding,  the  extra  cost  of  the  engine 
is  a  serious  item  to  many  users,  and  they  prefer  to  buy  a  cheaper 
engine  and  use  more  coal. 

2.  The  writer  has  for  many  years  made  this  question  a  special 
stud}-  and,  in  presenting  this  paper  before  the  Society,  thinks  he 
can  show  marked  economy  from  the  use  of  the  valve  gear  here 
described,  a  gear  whereby  perfect  expansion  and  compression 
can  be  obtained  in  simple  engines  using  pi-essures  up  to  200 
pounds  per  square  inch,  having  a  range  of  cut-off  from  0  to  100 
per  cent,  of  the  stroke,  and  the  same  range  in  exhaust  and  com- 
pression, giving  ability  to  stop  or  reverse  from  any  part  of  the 
building  or  engine-room  without  shutting  off  steam.  This  gear 
will  also  admit  steam  many  times  during  the  same  stroke,  and 
ability  to  stop  in  a  very  short  space  of  time  without  shock  or  Jar 
is  another  advantage,  while  the  speed  is  only  limited  by  the 
jjossible  piston  speed. 

The  engine  that  has  been  under  test  for  twelve  months  is 
small,  but  the  results  are  certainly  remarkable.  It  was  calculated 
for  a  5  horse-powei',  single-acting,  3-cylinder  engine  with  150 
pounds  per  square-inch  boiler  pressure,  and  to  run  at  500 
revolutions  per  minute,  and  has  been  run  at  varying  pressures 
from  1  to  60  pounds  per  square  inch ;  it  was  not  possible  to 
reach  a  higher  pressure  where  the  tests  have  been  conducted ; 
the  engine  has  also  been  successfully  run  with  compressed  air. 

3.  The  cylinders  are  2^  inches  diameter  by  4  inches  stroke ; 
the  clearance  is  one  'per  cent,  of  the  cylinder  capacity.  Poppet 
valves  placed  in  the  heads  are  used  both  for  steam  and  exhaiist, 
the  maximum  opening  being  ^V,  the  area  of  the  cylinder  in  each 
case.  Table  I.  gives  a  few  results  out  of  the  many  tests  we  have 
made.  The  engine  has  run  thirt}*  million  revolutions  up  to  the 
date  of  writing  this  paper  (September,  1901),  and  not  a  single 
bushing  has  been  taken  up  or  valve  refaced.  There  are  no 
glands,  so  that  no  packing  has  been  used,  and  no  piston  rings  were 
used,  the  pistons  being  very  decji  and  grooved.  The  cylinders 
were  well  covered,  but  pipes,  valve  bodies,  and  boiler  were  uncov- 
ered ;  under  these  conditions  the  exhaust  was  very  dry  even  when 
using  as  high  rates  of  cut-off  as  shown  in  the  table. 

4.  Figs.  43-48  show  the  gear  as  applied  to  two  "Westinghouse 
engines ;  one  being  9  by  S  inches,  and  the  other  compound,  8  and 
13  inches  by  8  inches.    These  engines  have  not  been  tested  at  the 
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date  of  writing,  but  the  design  being  the  result  of  the  tests  on 
the  engine  used,  it  is  thought  better  to  use  them  as  an  illustra- 
tion of  the  working  of  the  gear. 


TABLE  I. 


No.  of  test 

Load . . 

Lead 

Cut-off  at  per  cent,  of  stroke. 

Exhaust  open  at  per  cent,  of 
stroke 

Exhaust  closed  at  per  cent, 
of  stroke 

Area  of  steam-valve  opening: 

Area  of  exhaust- valve  open- 
ing   

Steam  pressure  in  pounds 
per  square  inch  ....    

Revolutions  per  minute 


1 

None. 

5 

None. 

2% 

20 
None. 

2% 

28 
None. 

2% 

50 
2^  h.-p. 

3% 

60 
3  h.-p. 

3^ 

I  50^ 

15^ 

10^ 

8% 

8% 

2f.\ 

85;? 

85;s 

95% 

m 

85% 

m% 

!-  50,'f 

20? 

15^ 

20^ 

\5% 

10,'?] 
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The  lettering  refers  to  the  parts  as  follows  : 

A  A  '  cylinders,  BB'  steam  valves,  CC  relief  valves  in  steam 
valves,  DD'  exhaust  valves,  EE'  electromagnets  controlling  steam 
valves,  FF'  electi'omaguets  controlling  exhaust  valves,  G  to  G'' 
armatures  and  levers  connected  to  valve  spindles,  the  travel  of 
which  is  adjustable  for  a  range  from  0  to  maximum  by  bolts 
and  nuts  //to  IP. 

/and -/are  contact  disc  controllei's,  which  control  the  time 
of  opening  of  the  steam  and  exhaust  valves  and  the  point  of 
stroke  of  the  piston  at  which  the  valves  are  closed,  or,  in  other 
words,  the  lap,  the  lead,  exhaust  opening  and  closing,  expansion 
and  compression. 

KK'  are  adjustable  levers  carrying  brushes,  or  contaijt  points, 
to  make  electrical  connection  between  the  sickle-shaped  contact 
plates  and  the  magnets  controlling  the  steam  valves;  //'  are 
levers  for  exhaust  valves  similar  in  all  respects  to  KK'. 

MM'  are  lever  arms  carrying  the  contact  levers  KK'  and  //.' 
The  bosses  or  hubs  of  these  levers  are  extended  up  to  the 
bracket  N,  which  carries  all  of  the  adjustments  and  contact 
levers.  The  contact  levers  KK '  and  LL '  can  be  placed  in  any 
position  in  relation  to  the  position  of  the  cranks  by  turning  the 
hand  wheels  00'  which  actuate  the  worms  and  worm  wheels 
P  to  P',  the  wheels  being  keyed  to  the  hubs  of  MM',  so  that 
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either  positive  or  negative  lead  may  be  given  tlie  steam  valves 
while  the  engine  is  running;  in  a  similar  manner  the  time 
of  opening  of  the  exhaust  valves  in  relation  to   the   position 


Fig.  43. 


of  the  piston  may  be  adjusted.  The  adjusting  nuts  Q'  to  Q'  are 
used  to  vary  the  relative  leads  of  high  and  low  pressure  cylin- 
ders and  the  points  of  exhaust  opening. 

5.  The  discs  JiJ2 '  are  merely  to  carry  the  binding  screws  for 
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the  wiring  to  tbe  several  magnets,  and  to  keep  electrical  con- 
nection whenever  the  levers  MM'  are  tnined. 

The  levers  SS'  are  keyed  to  tlie  sleeves  ss',  which  connect 
by  links  and  levers  to  the  contact  levers  KK'  and  LL  ',  the  levers 
<S'/S"  being  also  couuected  to  the  governors  TT\  which  respec- 
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tively  coutrol  the  steam  aucl  exliaust  valves.  In  marine,  auto- 
mobile, and  locomotive  engines  the  governors  are  tlispensecl  with 
and  starting  levers  nsed  instead. 

The  range  of  the  levers  KK'  and  LL'  being  u  to  U,  it  will  be 


Fig.  47. 


seen  that  valves  may  be  held  open  from  0  to  100  per  cent,  of 
the  stroke  or  to  any  intermediate  position,  according  to  the 
length  of  time  contact  is  made  with  the  plates  V  V,  the  current 
being  passed  to  these  plates  through  the  connection  IF,  wliich 
is  connected  to  one  electrode,  the  other  ends  of  the  magnet  coils 
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all  being  connected  to  the  other  electrode,  as  shown  on  Fig.  48. 
From  the  above  it  will  be  seen  that  the  valves  may  instantly 
open  and  close,  and  steam  be  given  many  times  during  the  same 
stroke. 

<>.  All  eccentrics,  rods,  levers,  links,  and  other  usual  valve  gear 
being  done  away  with,  the  new  valves  and  valve  gear  are  placed 
on  the  heads,  so  that  erection  is  easy.  Clearance  can  be  gotten 
down  to  one-tenth  of  one  per  cent,  in  large  cylinders,  being  onlv 
one  per  cent,  in  a  2i  by  4  inch  cylinder,  as  previously  mentioned  ; 
therefore  compression  up  to  initial  pressure  is  easily  obtained 
without  any  appreciable  loss  of  efficiency.  The  valve  gear  may 
be  placed  in  any  position  most  siiitable  to  the  design  of  the 
engine,  regardless  of  the  position  of  the  crank  shaft ;  the  fric- 
tion of  the  gear  is  a  negligible  quantity,  and  adjustments  may 
be  made  while  the  engine  is  running.  During  the  tests,  a  piece 
of  newspaper  placed  between  the  armature  and  poles  of  the 
magnets  (reciprocating  magnets  were  used  in  this  test)  made  a 
difference  of  from  75  to  100  revolutions  per  minute. 

7.  The  valves  are  all  -l-inch  diameter,  and,  as  shown  in  the 
table,  the  lifts  were  for  the  steam  valve  y^Tj  of  an  inch,  and 
for  the  exhaust  valves  j-^.  The  exhaust  could  not  be  heard 
two  yards  away  and  had  not  enough  energy  to  blow  the  ash 
off  a  cigar.  No  particiilar  care  was  taken  in  the  manufacture 
of  the  engine ;  but  if  properly  adjusted  for  the  load,  it  was 
impossible  to  make  it  "  run  away  "  though  the  load  was  sud- 
denly taken  off,  when  running  at  full  speed  and  without  the 
use  of  a  governor.  The  larger  the  engine,  the  smaller  the 
relative  cost  and  size  of  the  gear,  the  drawings  here  shown 
being  amply  large  for  one  of  500  hor.-?e-power.  There  was  no 
vibration  ;  when  a  glass  of  water  was  placed  on  the  cylinder 
head  and  the  engine  stopped  at  once,  not  the  slightest  disturb- 
ance of  the  water  was  evident. 

8.  It  will  readily  be  seen  that,  when  using  compressed  air  as 
a  driving  power,  the  economy  is  very  much  greater  than  with 
any  other  valve  gear ;  and  it  is  possible,  when  motors  are  to  be 
used  in  various  scattered  buildings,  that  air  can  be  used  much 
more  economically  than  steam,  owing  to  the  absence  of  couden  - 
sation  in  transmission  and  the  high  rate  of  expansion  obtain- 
able. 

9.  In  the  case  of  gas  engines,  the  best  burning  or  explosive 
mixture  is  readily  obtainable,  as  the  jn'oportion  of  air  to  gas  can 
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be  at  once  adjusted ;  likewise  the  cut-off  is  adjustable,  there- 
fore any  amount  of  mixture  can  be  admitted  to  the  cylinders, 
thus  making  reg-ulation  easy  of  accomplishment ;  the  exhaust 
is  also  adjustable  from  0  to  lOO  per  cent. 

Since  writing  the  description  of  a  "  new  valve  gear,"  the  loss 
of  two  British  "  destroyers "  has  brought  to  my  memory  many 
more  facts  and  observations  regarding  vibration  in  engines.  It 
has  always  been  a  fad  or  fancy  with  engineers  and  inventors  that 
a  rotary  engine  is  non-vibrator^^,  owing  to  the  presumed  perfect 
balance  of  the  rotating  parts.  Such  a  belief  is  fallacious,  as  I 
believe  Laval  acknowledges  that  the  shaft  in  his  motor  assumes  a 
curve  thus  a^^^^^^^B;  which  is  a  cause  of  unbalance ;  the  cen- 
trifugal action  due  to  such  a  curve  is  enormous,  and  causes  a  sym- 
pathetic vibration  which  it  is  impossible  to  counteract.  Recent 
reports  of  the  action  of  Parsons'  steam  turbine  as  applied  to  ves- 
sels bear  out  this  statement,  as  it  is  admitted  that  the  vibration 
astern  is  so  violent  that  it  is  impossible  for  even  seamen  to  stand 
it  for  any  length  of  time. 

No  doubt  many  of  you  have  noticed  the  vibrations  set  up  by 
the  simple  electric  fans  used  iii  offices  all  over  the  countr\'.  When 
manv  are  in  use  in  a  large,  open  office,  it  sometimes  occurs  that 
two  or  more  get  into  sympathetic  action,  and  then  even  the  floor 
vibrates.  I  have  many  times  had  to  remove  such  a  fan  from  the 
top  of  my  desk,  as  it  was  impossible  to  write  a  letter,  owing  to  the 
vibration. 

It  must  be  certain  that  when  the  horse-power  is  increased  to 
thousands,  the  vibration  is  increased  proportionately  and  must 
have  an  enormous  effect  on  any  vessel ;  and  where  two  or  more 
such  steam  turbines  are  in  close  proximity,  as  in  a  "  tlestroyer," 
the  effect  must  be  disastrous.  Another  cause  of  the  failure  of 
these  vessels  is,  in  my  opinion,  the  weakness  of  the  deck  structure, 
owing  to  the  large  hatchways  necessary  to  admit  tlie  boilers  and 
engines ;  shear  of  deck  line  is  also  w^eak  construction.  There 
ouo-ht  to  be  curvature  from  the  water  line  Avhen  the  vessel  is  on 
the  stocks,  and  then  it  would  have  resistance  when  water  borne ; 
an  example  of  such  construction  on  a  small  scale  is  known  of  old 
to  all  builders  of  racing  skiffs,  especially  on  the  Tyne,  where  these 
turbine  destroyers  were  built.  No  old  builder  there  would  build  a 
racing  skiff  without  giving  a  large  reverse  curvature,  their  con- 
tention being  that,  since  the  weight  of  the  man  is  all  in  the  centre, 
and  the  bow  and  stern  are  of  less  displacement  than  tlie  midsliip 
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section,  when  the  man  seats,  the  boat  will  "  breathe,"  or  assume 
a  straight  line  on  the  water,  as  there  is  no  keel  on  such  boats,  and 
all  the  sections  are  outward  curves  in  order  that  the  resistance  of 
the  skin  surface  may  be  reduced  to  a  minimum,  and  the  weight- 
carrying  capacity  be  a  maximum.  The  theory  is  perfectly  cor- 
rect, although  I  do  not  suppose  theory  ever  entered  into  the. heads 
of  those  old  Tyne  boat  builders ;  the  fact  that  boats  broke  their 
backs  in  rough  water  suggesting  the  idea  of  giving  this  reverse 
curvature. 

In  the  case  of  the  destroyers  and  the  Turbinia,  the  great  speed 
of  the  turbines,  and  consequently  the  enormous  aeration  of  the 
water  astern,  caused  the  after  part  of  the  vessels  to  have  less  bear- 
ing capacity  or  buoyancy,  therefore  the  bow  lifted  clear  of  the 
water,  making  a  cantilever  of  the  vessel,  with  the  fulcrum  in  the 
centre  and  the  forward  part  of  the  vessel  totally  unsupported  by 
the  water ;  hence  it  is  easilj'  seen  how  they  broke  their  backs — or 
rather  it  ought  to  be  called  "  chests  " — as  the  decks  gave  way  first. 

It  is  an  old  trick  with  so-called  strong  men  to  carry  heavy 
stones  on  their  chests  and  have  them  broken  thei-e  by  sledge  ham- 
mers ;  but  if  it  were  not  for  the  curvature  of  the  spine,  the  men 
would  inevitably  be  killed,  not  only  by  the  weight,  but  also  by  the 
blow.  Such  is  the  case  with  these  "  destroyers  ; "  they  lack  curva- 
ture, and  have  in  addition  the  great  vibration  of  the  steam  turbine 
on  the  backbone,  or  keel,  without  the  advantage  given  by  the 
man's  ribs  curved  up  from  his  backbone.  In  addition  to  this  the 
lifting  of  bow  and  consequent  pounding  of  the  water  amidship 
tends  to  crush  in  the  hull,  hence  a  double  strain  is  set  up,  and,  of 
course,  accentuated  by  the  vibration  of  the  turbines. 

The  above  remarks  may  at  first  glance  appear  foreign  to  the 
subject  in  hand,  but  if  you  study  them  well  j'ou  will  see  the 
point  I  endeavor  to  make,  which  is,  to  build  an  engine  which  is 
without  vibration  at  high  speed,  and  is  the  ideal  marine  engine. 

I  hope  in  the  near  future  to  make  a  test  of  an  engine,  with 
valve  gear  as  above  described,  suspended  by  cables  from  the  roof 
or  floor  of  a  building,  and  note  the  vibration  or  oscillatory  move- 
ment. Such  a  test  would  prove  the  self-contained  properties  of 
the  engine,  and  also  show  any  possible  vibratory  or  pendulous 
action  of  the  engine. 
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DISCUSSION. 


Mr.  J.  H.  Barr. — Mr.  President,  I  regret  that  the  writer  of 
this  paper  did  not  give  us  some  more  detailed  information  as  to 
his  stejim  distribution  and  other  points.  The  steam  distribution, 
judging  from  his  table,  must  be  very  peculiar.  In  the  tests,  as 
per  Table  I.,  the  initial  pressure  is  given  at  from  1  to  70  pounds  in 
different  runs.  The  first  test  was,  I  believe,  at  one  pound  initial 
pressure,  cut  off  at  50  per  cent.,  and  compression  at  50  per  cent, 
stroke,  which  would  correspond  to  a  very  odd  indicator  diagram, 
particularU'  with  an  engine  having  only  "  1  per  cent,  lead  and  small 
clearance."  The  fact  that  the  exhaust  could  not  be  heard  two 
yards  from  the  engine  does  not  seem  so  astonishing  when  steam 
is  cut  off  at  50  per  cent,  stroke,  and  the  initial  pressure  is  only 
one  pound  above  atmospheric  pressure.  That  the  exhaust  does 
not  blow  off  the  ashes  from  a  cigar  is  not  remarkable  ;  it  might 
suck  the  ashes  from  a  cigar,  however,  if  the  cigar  were  near 
enough  to  the  end  of  the  exhaust  pipe. 

The  distribution  which  he  gets  is  certainly  very  peculiar ;  so 
much  so,  that  I  think  he  should  have  accompanied  his  paper 
with  some  diagrams  giving  us  an  idea  of  what  he  accomplishes. 
The  reduced  time  required  to  open  and  to  close  the  valves  seems 
to  be  the  principal  feature  of  this  gear. 

I  have  had  some  difficultv  in  making  out  what  Mr.  Naylor 
strives  to  get  with  this  engine.  The  fact  that  the  valve  is  closed 
sharply  does  not  seem  to  be  sufficient  justification  for  a  claim 
that  the  cylinder  condensation  is  diminisiied.  The  small  clearance 
with  the  poppet  valves  would,  of  course,  to  a  great  extent,  reduce 
the  surface  exposed,  and  therefore  tend  to  cut  down  the  cylinder 
condensation. 

I  regret  very  much  that  we  have  not  more  evidence  to  indicate 
what  this  engine  is  really  supposed  to  accomplish.  It  seems  to 
me  that  the  paper  is  very  incomplete  in  essential  particulars. 

Having  commented  somewhat  unfavorably'  on  this  paper  at  the 
time  of  its  presentation,  after  only  a  hasty  reading,  I  considered 
it  incumbent  upon  me  to  read  it  again  carefully.  The  result  of 
this  further  effort  is  a  confirmation  of  my  previous  opinion  that 
the  paper  should  be  supplemented  by  pertinent  data  on  many 
points  before  it  appears  in  the  Transactions. 

Aside  from  the  description  of  the  valve  mechanism,  I  am  abk 
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to  make  very  little  of  it.     I  will,  however,  confine  my  present 
remarks  to  two  or  three  features. 

The  writer, "  in  presenting  this  paper  before  the  Society,  thinks 
he  can  show  marked  economy  from  the  use  of  this  valve  gear." 
I  fail  to  find  in  the  paper  even  the  slightest  evidence  for  or  against 
the  econom^^ 

The  statement  in  paragra])h  2,  that  this  gear  will  "  admit  steam 
many  times  during  the  same  stroke  "  has  puzzled  me  considerably. 
Granting  the  possibility,  what  beneficial  result  is  accomplished  by 
the  feat? 

The  more  I  study  Table  I.,  the  more  I  am  confused.  If  this 
table  accurately'  represents  the  conditions  of  tests,  I  cannot  under- 
stand why  the  engine  ran  at  all. 

I  hope  that  Mr.  Naylor  will  elucidate  these  and  other  points 
before  the  final  publication  of  the  paper. 

3It\  EniestW.  ]Va)/Io):* — Before  replying  to  Mr.  H.  H.  Suplee 
and  Professor  John  11.  Barr,  I  wish  to  say  that  I  am  sorry  that 
I  was  unable  to  attend  the  meeting  and  read  the  paper,  so  that 
I  might  there  answer  all  criticism.  The  objections  raised  are 
also  a  disappointment  to  me,  as  they  are,  in  my  opinion,  the  ones 
most  easily  answered.  I  fully  expected  that  the  greater  part  of 
the  discussion  would  have  been  upon  the  small  relative  area  of 
ports  to  cylinder  area. 

I  may  also  state  that  the  Secretary  called  my  attention  to  the 
incompleteness  of  the  paper,  but,  unfortunately,  I  could  not 
possibly  revise  the  paper  in  time  for  the  meeting ;  and  as  I  fully 
expected  to  be  at  the  meeting,  I  trusted  to  more  fully  explain  and  , 
demonstrate  the  action  of  this  valve  gear  at  that  time,  after  such 
members  as  cared  to  had  seen  the  engine  running  under  brake 
load. 

A  point  to  which  I  would  call  attention  is  the  effect  of  com- 
pression in  reducing  the  cylinder  condensation  ;  this  being  so  high 
and  the  revolutions  per  minute  so  great  (S.33  per  second  taking 
500  revolutions  per  minute  as  an  average),  the  steam  enters  a 
very  hot  cylinder,  and  the  head  has  little  time  for  radiation  of 
enough  heat  to  produce  condensation. 

Still  another  circumstance  points  to  very  small  cylinder  con- 
densation, which  is  the  small  valve  opening;  the  valve  opening 
being  at  its  maximum  ^t'j  of  tiie  area  of  the  cylinder  cross-section, 

*  Author's  closure,  under  the  Rules. 
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and  the  actual  opening  being  only  yj^  of  that  area,  and  no 
larger  being  possible  when  so  set,  if  there  had  been  condensation 
to  even  what  would  be  considered  in  general  practice  a  negligible 
amount,  it  would  certainly  have  made  itself  heard  and  most 
probably  ^/c'/^. 

In  reply  to  Professor  Barr's  criticism,  I  would  have  been  glad 
to  give  more  detailed  information  regarding  the  steam  distribu- 
tion ;  but,  under  the  circumstances,  I  do  not  see  that  it  is  possible 
to  give  more  than  is  contained  in  Table  I.,  except  that  the  tests 
might  be  continued  indefinitely. 

An  indicator  with  a  cylinder  ^-inch  diameter  and  1-inch  stroke 
would  take  as  much  steam  as  the  clearance  space,  without  taking 
into  consideration  the  connections,  which  would  take  as  much 
more,  even  if  the  indicator  were  screwed  direct  into  the  head. 
Again,  at  such  speeds  and  short  stroke,  I  have  yet  to  become  ac- 
quainted with  the  indicator  which  will  indicate  within  50  per 
cent,  of  the  actual  steam  consumption  or  distribution. 

As  to  steam  consum])tion  per  brake  horse-power  per  hour,  it 
was  my  intention  to  have  made  sufficient  tests  at  Columbia 
University  to  determine  this,  using  a  surface  condenser  wit/ioiit 
vacuum  for  this  purpose ;  but  we  never  had  a  run  long  enough  to 
produce  any  water  from  the  air  pump  before  we  had  a  breakdown, 
owing  to  excessive  water  in  the  steam  pipes  of  the  testing  labora- 
tory. I  may  even  say  that  the  extension  shafts  carrying  the  valve' 
gear  were  purposely  pinned  to  the  couplings  in  such  manner  that 
the  pins  would  shear  under  such  conditions  before  the  engine 
•  could  be  wrecked,  the  momentum  of  the  fl3^-wheel  being  sufficient 
to  do  this  Avhen  the  engine  was  instantly  stalled  by  water.  I  had 
new  and  larger  pins  fitted,  and  reset  the  valves  on  Tuesday,  De- 
cember 3d,  when  I  was  unfortunately  taken  ill  and  liad  to  leave 
for  home,  expecting  to  return  in  time  to  present  the  ])aper. 

No  doubt,  from  a  casual  reading  of  the  table,  the  steam  distri- 
bution may  appear  peculiar ;  but  in  this  relation  two  circum- 
stances must  be  taken  into  consideration — that  is,  leakage  past 
the  pistons  and  possible  lag  of  the  magnets,  although  close  obser- 
vation fails  to  detect  any  such  lag,  and  the  bottom  of  the  cylin- 
ders being  open  to  the  atmosphere,  any  undue  leak  of  steam 
would  at  once  have  been  seen ;  witli  100  pounds  pressure  no  leak 
of  any  consequence  is  observable. 

In  relation  to  the  cigar-ash  question,  I  did  not  try  it  when  run- 
ning without  load  at  1  pound,  but  only  when  running  under  load 
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at  higher  pressures,  the  run  with  1  pound  being  merely  to 
demonstrate  the  small  friction  of  the  engine. 

The  results  were  much  the  same,  so  far  as  noise  of  exhaust  was 
concerned,  when  using  100  pounds  pi'essure  and  exhausting  into 
the  laboratory  pipes  one  foot  awa)'  from  the  engine,  the  only 
difference  being  that  both  cylinders  exhausted  into  one  1-inch 
pipe. 

The  question  of  diagrams  is  answered  above ;  but,  to  pursue  the 
matter,  I  have  under  construction  an  apparatus  which  I  expect 
will  show  on  a  suitable  chart  the  points  of  steam-valve  opening 
and  closing,  also  the  points  of  exhaust-valve  opening  and  closing, 
in  I'elation  to  the  position  of  the  crank,  so  that  from  these  data  a 
diagram  may  be  constructed  (and  compared  with  an  indicator 
diagram  from  larger  engines)  which  will  be  more  reliable  than 
an  indicator  diagram  taken  from  such  a  small  engine. 

The  reduced  time  to  close  the  valve  is  certainl}'  one  (Mr.  Barr 
says  the  principal)  feature ;  but  the  instant  full  opening  of  the 
valve  is  of  far  more  importance,  and  has  also  been  a  "  Waterloo  " 
to  many  engineers,  as  no  gear,  to  my  knowledge,  has  so  far  been 
constructed  which  could  be  made  strong  enough  to  stand  the 
strain  at  any  speed  above  20  revolutions  per  minute. 

Not  only  this,  the  mere  fact  of  having  a  gear  which  will  in- 
stantlj'  open  the  valve  wide  is  the  secret  of  the  very  small  valve  open- 
ing area  as  compared  to  the  area  of  the  cylinders.  T\\\sfaot  is  easily 
demonstrated  in  the  engine  under  review,  as  follows :  In  that 
engine,  ^j^  of  the  area  of  the  cj'linder  was  found  to  be  the  best 
for  the  pressure  and  speed  desired.  Upon  increasing  the  opening 
-§^  of  an  inch,  a  difference  of  behavior  is  observable ;  on  doubling 
the  opening,  the  engine  slows  down  50  per  cent.,  and  upon  still 
further  increasing  the  opening,  the  engine  will  not  run  at  all. 
Much  more  liberty  may  be  taken  with  the  exhaust  valves  without 
an}'  great  change  in  the  behavior  of  the  engine. 

In  regard  to  Professor  Barr's  statement  that  the  reduced  clear- 
ance exposes  less  surface  for  condensation,  this  has  little  or  no 
effect,  and  does  not  appreciably  reduce  that  surface,  as  the  follow- 
ing figures  show :  The  cylinder  is  2^  inches  diameter,  hence  the 
area  of  the  head  and  piston  is  9.8  square  inches.  Since  the  clear- 
ance distance  between  piston  and  head  is  less  than  -^  inch,  the 
surface  exposed  on  the  cylinder  is  .23562  square  inch ;  if  the 
clearance  between  head  and  piston  be  made  ^  inch  instead  of  ^ 
inch,  this  would  onl}'  make  the  cylinder  area  exposed  3.92  square 
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inches,  or  less  than  one  half  of  the  area  of  the  piston  and  cylinder 
head  together,  and  no  engineer  would  give  ^-inch  clearance  in  a 
large  engine  at  the  present  time.  It  is  of  vastly  more  importance 
to  have  heads  well  protected  and  to  reduce  clearance  to  a  mini- 
mum, in  order  to  get  compression  up  to  initial  pressure,  or  above 
if  possible,  so  that  the  cylinder  head  and  piston  are  at  least  as  hot 
as  the  entering  steam.  In  this  valve-gear  it  is  quite  possible  to 
obtain  that  result,  as,  if  the  compression  exceeds  the  initial  pres- 
sure, it  lifts  the  steam-valve  automaticall}''  and  there  is  little  or  no 
loss  in  the  efficiency  of  the  engine. 

As  to  what  the  engine  is  supposed  to  accomplish,  as  Professor 
Barr  says,  the  paper  does  not  give  much  evidence,  but  paragraphs 
6,  7,  8,  and  9  give  a  few  of  the  claims  ;  the  evidence  I  had,  as  before 
stated,  hoped  to  demonstrate  before  the  members.  I  repeat  here 
that  the  engine  has  accomplished  everything  claimed,  and  more, 
and  I  trust  I  will  have  the  opportunity  to  demonstrate  to  the  sat- 
isfaction of  Professor  Barr  and  other  members  tliat  it  is  so. 

Answering  Profesor  Barr's  further  comments,  I  would  say 
that  increase  of  economy  is  claimed  for  the  following  reasons: 

First. — Peduced  clearance,  thereby  saving  steam. 

Second. — Cut-oflf  at  any  point  of  the  stroke,  hence  more  perfect 
expansion  in  one  cylinder  without  the  necessity  of  compounding 
to  save  cylinder  condensation,  the  small  clearance  being  here 
again  a  great  advantage. 

Third. — Higher  speeds  without  danger  to  the  valve  gear,  thus 
lessening  condensation. 

Fourth. — Smaller  valves  and  lighter  gear  generally :  reduced 
first  cost  and  cost  of  repairs. 

Fifth. — Superheated  steam  may  be  used  without  fear  of  ])ack- 
ings  burning  out,  as  rings  are  used  in  large  engines  and  none  in 
small  engines. 

Sixth. — Absence  of  vibration,  therefore  longer  life  of  the  engine. 

Seventh. — Lubrication  of  pistons  without  the  lubricant  coming 
into  direct  contact  with  the  steam,  or  using  it  as  a  vehicle  to  con- 
vey the  oil  to  the  piston  ;  this  is  accomplished  by  forcing  the 
lubricant  around  the  piston,  below  the  top  of  the  piston,  Avhen 
at  the  bottom  of  the  stroke. 

Eighth. — Adjustability  of  the  valve  gear  to  the  best  effect 
while  the  engine  is  running,  which  also  makes  it  possible  to  limit 
the  speed  of  the  engine  in  case  of  sudden  loss  of  the  load,  so  that 
it  cannot  damage  itself  by  "  running  away." 
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Concerning  the  statement  in  paragraph  2,  that  this  gear  will 
" admit  steam  many  times  during  the  same  stroke,"  ''the  bene- 
ficial results  accomplished  by  this  feat""  in  certain  cases  are  as 
follows : 

First. — In  case  of  generating  plants  for  electric  railways  it 
occurs  every  daj',  in  fa«t  several  times  a  day  en  most  roads,  that 
the  load  will  jump  75  per  cent,  in  a  minute  or  less  when  the  noon 
whistle  blows  at  large  factories,  or  when  theatres  discharge  their 
crowds.  In  such  cases  it  may  happen  that  an  engine  will  "  lose 
step"  and,  if  alternating  current  is  used,  this  is  often  disastrous. 
For  instance,  most  of  these  engines  cut  off  at  25  or  30  per  cent, 
of  the  stroke,  and  that  is  absolute ;  it  is  easy  to  see  that  if  the 
engine  could  get  even  a  flash  of  steam  when  the  load  comes  on 
it  would  keep  up  its  speed.  Again,  in  the  case  of  a  rod-mill 
engine,  or  any  continuously  running  engine,  if  extra  load  is  put  on 
after  cut-off,  the  engine  depends  on  its  fly-wheel  to  drag  it  through 
until  admission ;  if  the  wheel  is  not  sufficient,  something  happens. 
If  the  engine  could  have  an  additional  supply  of  steam,  the  piston 
would  keep  pushing  the  fly-wheel  instead  of  being  dragged  by  it. 

The  racing  of  a  marine  engine  when  the  propeller  lifts  clear  of 
the  water  is  another  case. 

Not  onl}'  can  the  steam  be  admitted  many  times  in  a  stroke, 
but  it  can  also  be  kept  ovt  of  the  cylinder  for  one,  two,  or  any 
number  of  strokes ;  not  only  this,  but  by  a  suitable  arrangement 
of  valves  the  engine  (non -condensing)  will  convert  itself  into  an 
air  compressor  (should  it  be  desired  to  make  a  sudden  stop),  by 
drawing  in  air  through  the  exhaust  valves,  and  forcing  it  into  the 
steam  pipes,  and  thence  to  the  boiler ;  so  that,  by  cutting  off  the 
current  supplying  the  magnets,  an  engine  either  condensing  or  non- 
condensing  may  be  stopped,  without  shutting  off  steam,  from  any 
part  of  a  building  or  ship.  In  conclusion,  I  would  say  that  this 
engine  has  been  seen  hy  many  people,  both  engineers  and  laymen, 
and  I  have  repeatedly  demonstrated  the  above  facts ;  I  would  be 
pleased  to  have  the  opportunity  to  show  any  of  the  members  even 
better  results  than  those  given  in  the  table  both  with  compressed 
air  and  steam. 
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THE  BURSTIXG  OF  SMALL  CAST-IROX  FLY-WHEELS.\ 

BY   CHAKLE5  H.  BENJAMIN,    CLEVXLA>"D.  O. 

(Member  of  the  Society.) 

1.  In"  XoTember,  18P8,  the  writer  read  a  paper  before  this 
Society  on  the  subject  of  small  flr-wheels,  detailing  the  results 
of  some  experiments  made  in  the  laboratories  of  the  Case 
SchooL 

The  discussion  of  the  former  paper  and  suggestions  received 
from  various  engineers  since  its  publication,  have  led  to  further 
experiments  on  wheels  of  peculiar  design.  These  experiments 
were  all  conducted  under  the  immediate  direction  of  the  writer, 
and  he  was  present  at  mo.st  of  the  destructive  tests. 

2.  The  wheels  numbered  1  to  9,  inclusive ;  were  tested  during 
the  winter  of  1899-1900  by  senior  students  Messrs.  Clyne  and 
Miihlhaiiser  ;  while  those  numbered  10  to  16  were  tested  during 

*  Presented  at  the  New  York  meeting  (December,  1901 1  of  the  American 
SocietT  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the 
Transactions. 

\  For  previous  discu-ssions  on  this  topic  consult  Trantactioru  as  follows  : 
Xo.    So,   vol.    iii.  :     "The   Fly-wheel.''    William    Johnson.       (.See    American 

Machinist,  May  13,  1882.) 
Xo.  497,  vol.  xiii.,  p.  618  :  "  A  Xovel  Fly-wheel."     Chas.  H.  Manning. 
Xo.  515,  vol.  xiv.,  p.  251  :  "  Sti^ius  in  the  Rims  of  Fly-band-wheels  Produced 

by  Centrifugal  Force."     J.  B.  Stanwood. 
No.  565,  vol.  XV.,  p.  147:  "Strength  of  Rim  .Joints  in  Fly-band-wheels.  "     J.  B. 

Stanwood. 
Xo.  621,  vol.  xri.,  p.  208  :  "  Stresses  in  the  Rims  and  Rim  Joints  of  Pulleys  and 

Fly-wheels."    Gaetano  Lanza. 
Xo.  796,  vol.  XX.,   p.  123:  "Xote   on  the   Strength  of   Wheel  Rims."     A.  K. 

Mansfield. 
Xo.  800,  vol.  XX.,  p.  209 :  "  The  Bursting  of  Small  Cast-iron  Fly  wheels."   C.  H. 

Benjamin. 
Xo.  823,  vol.  XX.,  p.  944:  "Rolling-mill  Fly-wheels."    John  Fritz. 
Xo.  835,  vol.  xxi.,  p.  262:  "A  Broken  Fly-wheel  and  How  it  Was  Repaired." 

Jas.  McBride. 
No.  839,  vol.  xxi  ,  p.  317  :  "  A  Xote  on  Fly-wheel  Design."    A.  J.  Frith. 
Xo  907   vol.  xxi.,  p.  955  :  "Determination  of  Fly-wheels  to  Keep  the  Angular 

Variation  of  an  Engfine  Within  a  Fixed  Limit."     J.  I.  Astrom. 
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the  present  year  by  Messrs.  Austin,  Mills,  and  Stanford,  instruc- 
tors in  the  school.  The  wheels  were  all  of  cast  iron,  2i  inches 
in  diameter,  with  proportioiis  copied  from  existing  wheels. 

The  general  method  of  testing  was  similar  to  that  used  in  the 
foi'mer  experiments,  but  new  apparatus  was  designed  and  built 
for  greater  convenience  and  safety. 


Fig.  49. — Test  Casixc;  fou  Fly-wheki.s. 

3.  Former  tests  had  shown  the  insecurity  of  a  wooden  shield 
or  cage  for  the  bursting  wheels.  Fig.  40  shows  the  form  of 
shield  used  in  the  later  experiments.  A  cast-steel  ring  36 
inches  in  diameter  inside,  and  having  a  rim  section  4  inches 
by  6  inches  was  enclosed  and  supported  by  a  wooden  frame- 
work, the  front  and  back  being  of  oak  plank,  3  inches  thick. 
To  absorb  the  energy  of  the  flying  fragments  a  sectional  lining 
of  Norway  pine  was  used,  as  this  could  be  easily  repaired  and 
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renewed  after  eacli  test.  Fig.  50  sliows  the  usual  appearance 
after  an  explosion.  During  tLe  sixteen  experiments  recorded 
but  one  wheel  managed  to  escape  from  the  shield,  and  this  was 
due  to  the  breaking  of  the  bolts  confining  the  side  jjlanking. 

The  wheels  were  keyed  to  the  overhanging  end  of  a  steel 
shaft,  l^"^;  inches  in  diameter,  running  in  a  long  bronze  bushing 
and  coupled  loosely  to  a  Dow  steam  turbine.  Fig.  51  shows 
clearly  the  rear  of  the  shield  and  the  connections. 


As  mar  be  seen  from  the  cut,  the  speed  was  measured  by 
means  of  a  counter-shaft  and  belted  tachometer,  the  speed  being 
reduced  in  the  ratio  of  one  to  ten.  Belts  made  of  two  thick- 
nesses of  adhesive  electric  tapa  stitched  together  were  found 
to  be  satisfactory  at  the  speeds  used,  being  free  from  slip. 

The  speed-counting  mechanism  was  calibrated  many  times, 
and  showed  an  error  of  less  than  1  per  cent.  All  of  the  wheels 
tested  were  balanced  carefully  by  winding  lead  wii-e  around  tlie 
ai-ms,  close  to  the  rim. 

4.  Wheels  Nos.  1  and  2  were  cast  with  solid  rims,  and  were 
modelled  closely  from  a  fly-wheel  10  feet  in  diameter  on  an  Allis 
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Fiu.  51. — I)ltIVI^■G  Api'.\K-\tcs  for  Fly-wheels. 

engine.  These  were  tested  to  furnish  a  standard  of  coinjDarison 
for  the  other  wheels.  Fig.  52  shows  the  shape  and  proportions 
of  this  class,  and  Table  I.  gives  the  principal  dimensions. 

These  two  wheels  failed  at  3,700  and  3,850  revolutions  joer 
minute  respectively-,  or  at  an  average  rim  speed  of  395  feet  per 
second.  This  corresponds  to  a  centrifugal  tension  of  about 
15,600  pounds  per  square  inch.  The  fracture  showed  clean  iron 
of  a  uniform  quality. 

The  four  wheels  numbered  from  3  to  6  each  had  two  flanged 


Fig.  53. 
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TABLE    I. 
Dimensions. 


Ri 

M. 

Akms. 

Weight 

Diam., 
Inches. 

Breadth, 
Inches. 

Depth, 
Inches. 

Area, 
Sq.  In. 

Nnmbev. 

Area. 
Sq.  In. 

Pounds. 

1  

24 
24 
44 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

4.06 
4.10 
4.00 
4.00 
4.00 
4.00 
2.22 
3.00 
3.00 
4.03 
4.03 
4.03 
4.06 
4.06 
4.10 
4.09 

0.85 
O.SO 
0.84 
0.84 
0.84 
0.84 
2.23 
2.50 
2.50 
0.80 
0.80 
0.80 
0.83 
0.82 
0.56 
0.57 

8.95 
3.65 
3.73 
3.73 
3.73 
3.73 
4.43 
2.46 
2.46 
3.67 
3.59 
3.59 
4-08 
4.08 
2.90 
2.93 

6 
6 
6 
6 
6 
6 
8 
24 
24 
6 
6 
6 
6 
6 
6 
G 

l.OS 
1.08 

0.95 

0.95 

0.95 

0.95 

1.67 

0.040 

0.049 

0.98 

0.92 

0.92 

0.93 

0.92 

0.95 

0.95 

97.2 

!I4.7 

3 

4 

94.0 
91.7 
95  0 

6 

96.0 
123.0 

8 

9     

(iO.5 
60.5 

10   

96.5 

11 

12 

97.0 
95.7 

13  

114.5 

14 

15     

116.0 

88.0 

16 

87.0 

joints  in  the  rim,  as  shown  in  Fig.  53.  These  joints  were  of  the 
same  general  proportions  as  those  described  in  the  previous 
paper,  as  may  be  seen  by  reference  to  Q^ible  II.  At  the  sug- 
gestion of  Mr.  Jas.  B.  Stanwood,  of  this  Society,  they  were 
kicated  at  points  one-fourth  of  tlie  distance  from  one  arm  to 
the  next,  those  being  ajjproxiiuately  the  points  of  least  bend- 
ing moment. 

As  shown  in  Table  III.,  tliese  wheels  burst  at  from  1,800  to 
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1,900  revolutions  per  minute,  or  an  average  rim  speed  of  194  feet 
per  second.  This  corresponds  to  a  centrifugal  tension  of  about 
3,750  pounds  per  square  inch. 

These  wheels  were,  then,  only  one-quarter  as  strong  as 
similar  wheels  with  solid  rims,  and  burst  at  one-half  the  speed. 
Comparing  these  with  wheels  of  similar  construction  tested  in 
1898  (Nos.  13,  14,  and  15  in  tlie  previous  paper),  we  find  that 

TABLE    II, 
Fi.ANfiES  AND  Bolts. 


TABLE   III. 
Bursting  Speeds. 


Bursting  Speed. 

Cestrifugal  Tension. 

No. 

Revolutions 
per  Minute. 

Feet  per 
Second. 

Pounds  per 
Square  Incli. 

Total  on 
Him. 

1    

3.700 
3,850 
1.800 
1,8.50 
1.900 
1,850 
3,450 
4,050 
4,050 
l,.=-)70 
3,100 
2,300 
3.650 
3.8.50 
3,080 
3,175 

387 

403 

188.5 

193.6 

199 

193.6 

356.5 

434 

434 

164 

220 

230 

382 

403 

218 

238 

14,980 
16,240 
3,570 
3,750 
3,950 
3,750 
6,600 
17,970 
17,970 
2.700 
4,800 
5,300 
14.600 
10.300 
4.800 
5,200 

59,000 

2 

59,000 

3  

13.560 

4     

14,000 

14  7S0 

(i  

14,000 

7 

8 

9         

39,400 
44,000 
44,000 

10 

11   

13 

13 

14 

1 .5   

9,920 
17,200 
19,000 
59,600 
66,500 
13,900 

16  

15,200 
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moving  the  joint  from  tlie  centre  to  the  quarter  point  has  made 
no  appreciable  difference  in  the  strength. 

This  is,  doubtless,  due  to  the  fact  that  the  heavy  mass  of  the 
flanges  and  bolts  locates  the  bending  moment  at  or  near  them. 
"Where  MacGregor  sits,  there  is  the  head  of  the  table." 

5.  Fig.  53  shows  the  general  manner  of  fracture  of  these 
wheels ;  strange  to  say,  the  joints  usually  remained  intact — the 
bolts  being  slightly  stretched — and  the  rim  broke  close  to  the 
joint,  as  shown  in  the  cut. 

6.  The  practically  instantaneous  character  of  the  explosion 
is  illustrated  in  Fig.  5i,  which  shows  the  appearance  of  wheel 
No.  G  after  rupture.    With  but  one  exception,  each  piece  of  the 


rim  was  embedded  in  the  wood  lining  in  its  proper  place  and 
remained  there,  indicating  a  nearlj'  simultaneous  movement  of 
the  fragments.  The  lining  was  rotated  in  the  steel  ring  through 
a  considerable  angle. 

The  combined  tensile  strength  of  the  bolts  in  the  flange  joints 
was  about  20,000  pounds,  or  less  than  one-third  the  strength  of 
the  solid  rim,  which  is  about  the  maximum  ratio  possible  with 
this  style  of  joint. 

7.  Wheel  No.  7  was  a  complete  working  model  of  a  fly-wheel 
for  a  blowing  engine,  and  was  copied  from  di-awiugs  furnished 
by  a  well-known  firm  of  engine  builders.  The  construction  is 
clearly  shown  in  Fig.  55,  and  the  dimensions  are  given  in  Table  I 
The  joints  in  the  rim  were  carefully  fitted  and  the  links  shrunk 
in.     This  wheel  burst  at  2, -±50  revolutions  per  minute,  and  a  rim 
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speed  of  256  feet  per  second,  wliich  indicates  a  centrifugal 
tension  of  about  6,600  pounds  per  square  inch,  and  sLows 
that  this  wheel  is  nearly  twice  as  strong  as  those  just  described. 
As  may  be  seen  by  reference  to  Fig.  56,  the  wheel  broke  in  every 


instance  through  the  smallest  section  of  tJie  rim  near  the  joint, 
the  links  remaining  intact.  It  is  interesting  to  note  that  every 
bolt  in  the  hub  was  shaved  off  clean  as  by  a  knife,  each  arm 
pulling  out  in  this  way. 


8.  Soon  after  the  publication  of  the  previous  paper,  the 
writer  had  some  correspondence  with  Prof.  Archibald  Sharp, 
of  London,  Eng.,  which  resulted  in  the  latter's  sending  to  this 
country  two  model   wheels   to  be  tested,  which  are  numbered 
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8  and  9  in  the  tables,  and  were  constructed  as  shown  in  Fig.  57. 
Tlie  rims  were  solid,  of  an  I  section,  and  were  made  of  a  close 
grained  cast  iron  having  a  high  tensile  strength. 

Each  wheel  had  24  spokes  of  steel  wire,  12  on  each  side  of 
the  central  jDlaue.  A  pair  of  spokes  constituted  a  loop,  fastened 
at  each  end  to  the  rim  with  a  thread  and  nut,  and  passing 
spirally  around  the  hub  in  a  groove  cut  for  that  purpose.  By 
tightening  up  the  nuts  at  the  rim  the  wheel  could  be  accurately 
centred,  and  sufficient  friction  caused  at  the  hub  to  prevent 
slipping. 

The  two  wheels  failed  at  precisely  the  same  speed,  4,050  rev- 


olutions per  minute,  or  a  rim  speed  of  424  feet  per  second. 
This  would  correspond  to  a  centrifugal  tension  of  nearly  18,000 
pounds  per  square  inch,  and  is  probably  the  maximum  speed 
attainable  with  a  cast-iron  rim.  Tlie  appearance  after  rupture 
is  shown  in  Fig.  58. 

The  rims  usually  broke  through  the  holes  where  the  spokes 
were  fastened,  and  the  spokes  themselves  broke  at  one  or  both 
ends,  where  threaded. 

The  spokes  had  been  adjiisted  to  a  uniform  tension  before  the 
test  by  "  tuning  "  them  to  the  same  pitch.  This  uniformity  of 
tension,  and  the  large  number  of  spokes,  must  have  prevented 
any  serious  bending  of  the  rims,  so  that  the  latter  failed  by 
direct  tension. 

The  speed  given  is  the  highest  attained  in  any  of  the  experi- 
monts      One   fact  in  connection  with  this  last  experiment  de- 
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serves  mention.  It  was  found  impossible  at  first  to  bring  these 
wheels  up  to  the  desired  speed  ;  at  about  3,000  revolutions  per 
minute  the  speed  would  remain  constant,  and  no  increase  of 
steam  pressure  would  avail  to  change  it.  Becoming  convinced 
that  this  was  due  to  air  resistance  on  the  spokes  and  cross 
flanges  of  the  rim,  the  writer  had  the  wheels  inclosed  by  disks 
ol  Russian  iron,  wired  together  and  revolving  with  the  wheels. 
No  further  diificulty  was  experienced,  and  the  bursting  speed 
was  attained  within  two  minutes  of  the  time  of  opening  the 
throttle. 

Similar  devices  hail   to  be  used  with  wheels  numbered  13  to 
16,  inclusive. 


9.  Wheels  numbered  10,  11,  and  12  had  the  usual  flanged 
joints,  located  midway  between  the  arms  and  fastened  with  four 
|-inch  bolts.  The  joints  in  wheel  No.  10  were  unsupjjorted, 
while  those  in  wheels  Xos.  11  and  12  were  strengthened  by  steel 
tie  rods  running  from  hub  to  joints  and  bolted  at  each  end,  as 
shown  in  Fig.  59.  The  net  tensile  strength  of  each  tie  rod  was 
about  5,000  pounds.  The  two  rods  connected  to  each  joint  had 
then  a  combined  tensile  strength  about  two-thirds  that  of  one 
arm.  Wheel  No.  10  burst  at  1,570  revolutions  per  minute,  a  rim 
speed  of  164  feet  per  second,  which  is  only  about  five-sixths  of 
the  speed  usually  attained  by  this  class  of  wheel.  The  break 
was  in  the  rim  just  beside  the  flange,  and  the  low  speed  would 
indicate  a  poor  quality  of  iron. 

10.  Wheels  Nos.  11  and  12  broke  at  2,100  and  2,200  revolu- 
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tions  per  minute,  respectively,  or  at  an  average  rim  speed  of  225 
feet  per  second.  Comparing  these  with  wheel  No.  10,  as  the 
three  wheels  were  of  the  same  iron  and  identical  in  every  respect 


save  the  tie  rods,  we  find  an  increase  of  from  34  to  40  per  cent, 
in  the  bursting  speed  due  to  the  iise  of  the  tie  rods.  This  cor- 
responds to  an  increase  of  nearly  100  per  cent,  in  the  strength 
of  the  joint.  If  the  tie  rods  had  been  more  carefully  designed 
and  constructed,  a  greater  speed  c^iuld  Ijave  been  attained. 


Fig.  60  shows  the  appearance  of  wheel  No.  12  after  rupture. 
The  ties  broke  through  the  bolt  holes  at  one  or  both  ends,  the 
bolts  remaining  intact  with  but  one  exception. 
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11.  Wheels  Nos.  13  and  14  were  of  peculiar  construction,  as 
may  be  seen  from  Fig.  61.  The  rim  of  each  was  cast  in  one 
piece,  while  the  hub  and  arms  formed  a  spider,  also  in  one  cast- 
ing. The  arms  were  jointed  to  the  internal  flanges  of  the  rim 
by  |-iuch  steel  bolts,  giving  one  degree  of  freedom.  The  object 
of  this  construction  was  two-fold  : 

First. — To  relieve  the  bending  moment  at  the  junction  of  the 
rm  and  rim. 

Second. — By  concentrating  more  weight  near  the  arms  to 
stretcli  these  latter  and  thus  relieve  the  bending  moments  in 
the  rim  midwaj'  between  the  arms. 

These  two  wheels  burst  at  3,650  and  3,850  revolutions  per 


minute,  or  an  average  rim  speed  of  392  feet  per  second.  Com- 
paring these  figures  with  those  given  for  wheels  Nos.  1  and  2,  we 
find  that  the  speeds  are  practically  the  same.  There  is  no  ap- 
parent advantage  in  the  special  construction  just  described  over 
the  ordinary  method  of  casting  the  spokes  and  hub  with  the 
rim. 

Fig.  61  shows  the  appearance  of  wheel  No.  13  after  rupture. 
The  arms  all  broke  at  the  eye  near  the  rim,  the  bolts  not  being 
injured.  Only  one  web  was  fractured.  Fig.  50  shows  the  wheel 
immediately  after  the  explosion,  the  front  of  the  shield  and  one 
cover  plate  being  removed.  The  embedding  of  the  rim  frag- 
ments in  the  wood  lining  in  their  proper  order  is  clearly  shown, 
the  same  as  in  Fig.  54.  The  absence  of  any  tearing  or  rending 
sound  and  the  single  sharp  report,  like  a  small  cannon,  also  evi- 
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deuced  the  jaractically  instantaueoiis  character  of  the  explo- 
siou. 

Wheel  No.  H  was  the  one  which  escaped  from  the  shield,  as 
has  already  been  noted.  The  wood  lining  was  reduced  to  iiue 
splinters,  the  cast-steel  ring,  weighing  over  800  pounds,  was 
rotated  through  an  arc  of  12  inches,  a  j-inch  bolt  was  broken 
short  off,  and  the  3-inch  oak  planking  split  and  torn. 

1"2.  Wheels  Nos.  15  and  16  were  also  of  special  construction, 
as  seen  in  Fig.  62.  The  hub  and  arms  were  cast  together  as  a 
spider  and  bolted  to  pads  on  the  rim.  The  two  joints  in  the 
rim  came  over  arms,  and  the  rim  between  the  arms  was  re- 
inforced by  elliptic  webs.     The  construction  is  a  slight  modifi- 


cation of  that  suggested  bv  Mr.  A.  J.  Frith,  of  this  Society,  in  a 
paper  read  in  December,  1899.*  The  raiso7i  d'etre  of  this  form 
of  wheel  is  explained  b}'  Mr.  Frith  in  his  paper.  Briefly,  this 
construction  is  intended  to  stretch  the  arms  more  and  bend  the 
rim  less  than  the  common  form. 

These  two  wheels  burst  at  2,(>8('  and  2,175  revolutions  jier 
minute,  respectively,  or  an  average  rim  speed  of  223  feet  per 
second.  Fig.  62  shows  the  manner  of  failure.  The  ends  of  the 
arms  failed  in  several  different  ways  :  sometimes  it  was  the 
screws  that  broke,  sometimes  the  lugs  on  the  arm,  and  some- 
times the  pad  on  the  wheel.  The  rim  usually  broke  at  jjoints 
midway  between  the  arms.  In  wheel  No.  16  the  joints  remained 
intact. 

*  No.  839,  vol.  xxi.,  p.  317. 
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It  will  thus  be  seen  that  Nos.  15  and  16  were  of  practically 
the  same  strength  as  Nos.  1 1  and  12,  but  only  about  one-third 
as  strong  as  wheels  with  solid  rims. 

13.  The  conclusions  of  the  previous  paper  are  confirmed  by 
these  further  experiments.  For  wheels  of  moderate  size  cor- 
rectly proportioned  the  solid  rim  is  by  far  the  safest  form,  and 
will  require  a  speed  of  from  350  to  400  feet  per  second  to  pro- 
duce rupture.  The  stress  due  to  bending  is  so  small  as  to  be 
negligible. 

Jointing  the  arms  at  the  rim  and  bracing  the  rim  by  internal 
webs  have  no  important  effect  on  the  strength. 

Joints  in  the  rims  are  the  principal  source  of  weakness, 
especially  if  located  between  the  arms.  Probably  no  joint  can 
be  made  for  a  rim  of  solid  cross-section  which  will  be  more 
than  one-third  as  strong  as  the  rim  itself. 

Hollow  rims  will  permit  of  a  much  more  efficient  joint,  as  has 
been  shown  by  Mr.  John  Fritz  in  his  paper,  read  at  the  meeting 
of  this  Society  in  May,  1S91».* 

The  joints  in  Mr.  Fritz's  wheel  are  practically  as  strong  as 
the  rest  of  the  rim.  This  construction  is  hardly  possible  in 
wide-faced  band  wheels  such  as  are  used  on  most  shop  engines. 
Joints  similar  to  those  shown  in  Fig.  62  are  probably  the  best 
that  can  be  devised  for  this  type  of  wheel.  If  joints  are  located 
midway  between  the  arms  they  should  be  reinforced  by  tie 
rods  leading  to  the  hub. 

The  English  wheels,  Nos.  8  and  9,  show  clearly  the  advantage 
of  numerous  arms  on  any  type  of  wheel.  Even  if  the  rims  were 
jointed,  such  wheels  would  prove  their  superiority  to  those  with 
the  ordinary  arms  in  maintaining  their  shape  at  high  speed. 

DISCUSSION. 

Mr.  Arthur  J.  Frith. — The  experhnents  of  Mr.  Benjamin  are 
of  great  interest  to  the  investigation  of  the  correct  method  of 
designing  fly-wheels,  and  he  deserves  the  thanks  of  the  Society 
for  his  continued  efforts.  The  destruction  of  fly-wheels  under 
high  speed  would  seem  to  be  the  court  of  last  resort,  though  we 
must  not  lose  sight  of  the  fact  that  tlie  results  obtained  may  be 
confined  to  very  small  wheels  with  rims  that  are  practically  of 

*  Xo.  833,  vol.  XX.,  p.  944. 
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bulky  dimensions.  Its  results  are  strong  evidence  that  "  the 
stress  due  to  bending  is  so  small  as  to  be  negligible  in  small, 
bulky -rimmed  wheels,"  as  stated  in  paragraph  13.  I  believe, 
however,  that  if  wheels  Nos.  13  and  14  had  had  a  solid  web  that 
it  would  have  removed  the  doubt  that  exists,  that  the  absence 
of  the  signs  of  bending  might  be  due  to  weak  connections  rather 
than  to  incorrect  theory.'  Certainh'  the  description  states  that  it 
was  the  eye  in  the  arm  that  gave  way  ;  what  the  results  would 
have  been  if  the  eyes  had  been  strong  enough  to  break  the  arras 
is  left  in  doubt. 

The  same  may  be  said  of  the  breaking  of  Xos.  15  and  10.  It 
was  the  screws,  lugs,  and  pads  that  failed,  and  it  looked  as  if 
these  might  have  been  made  stouter,  the  theory  of  construction 
being  still  possibly  correct. 

In  my  paper  to  the  Societ}',  in  which  this  construction  was 
suggested,  attention  was  drawn  to  the  necessity  for  a  cai-eful 
design  of  these  details,  those  shown  in  the  sketch  submitted  being 
stated  to  be  merely  suggestions  and  too  light.  For  the  reasons 
mentioned,  the  conclusions  drawn  from  these  experiments  are 
not  as  convincing  as  might  be  desired. 

It  may  be  a  fact  that  there  are  some  classes  of  fly-wheel  rims 
in  Avhich  the  bending  action  is  so  slight  that  it  may  be  neglected  ; 
but  this  is  certainly  not  true  of  wide  band-wheels  with  a  single 
system  of  arms,  and  the  design  suggested  in  my  paper,  December, 
1S99,  was  especially  aimed  to  remedy  a  dangerous  tendency  in 
that  class  of  fly-wheels  ;  that  it  would  not  do  so,  is  a  conclusion 
that  cannot  be  drawn  from  this  set  of  experiments.  It  is  hoped 
that  Mr.  Benjamin  may  be  able  to  repeat  the  experiments  with 
wheels  similar  to  Nos.  15  and  16,  but  with  stout  fastenings 
and  a  wide  overhanging  shallow  face,  and  that  it  may  be  com- 
pared with  a  solid  wheel  or  pullej^  with  a  face  equally  wide  anil 
shallow ;  if  this  be  done,  it  will  complete  a  very  interesting  series 
of  experiments,  and  I  believe  that  the  good  results  obtained  will 
repay  his  efiforts,  and  merit  the  grateful  appreciation  of  this 
Society. 

The  tests  would  lead  us  to  believe  that  comparatively  shallow- 
faced  wheels  Nos.  15  and  10  gave  equal  results  with  deep-rimmed, 
narrow  wheels  Nos.  6  and  1 ;  but  are  they  comparable  at  all  ? 
Their  speed  of  rupture  is  that  of  their  weak  joints,  and  the 
pad  joints  of  Xos.  15  and  10  could  have  been  made  two  or  three 
times  as  deep,  or  fastened  with  steel  bands,  shrunk  on.     It  would 
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be  interesting  to  kno^y  wliat  results  would  have  been  obtained  if 
they  had  been  stout  enough  to  break  the  arms. 

Mr.  Albert  A.  Gary.  —  The  Society'  certainly  owes  many 
thanks  to  Professor  Benjamin  for  what  he  has  done  in  the  way 
of  fly-wheel  investigation,  and  we  are  certainly  learning  more 
about  them  than  we  ever  knew  before.  Fig.  52  is  described  as  a 
duplicate  of  the  regular  Corliss  engine  fly-wheel,  but  it  is  not  a 
duplicate  of  the  wheel  often  found  on  Corliss  engines,  in  which 
the  rim  is  coraparativel}'  quite  thin  ;  experiments  with  wheels  of 
that  kind  might  develop  some  further  interesting  facts,  and 
certainly  in  those  the  bending  would  not  be  negligible,  but 
would  be  very  considerable.  It  is  interesting  to  note  in  Fig.  57 
that  the  breaking  stress  was  about  the  same  as  that  of  the  cast- 
iron  itself  in  tension,  and  I  would  like  to  ask  Professor  Benjamin 
if  he  has  tested  in  tension  the  material  of  which  the  wheel  shown 
in  Fig.  57  was  made  so  as  to  make  the  comparison  directl}'  and 
find  what  percentage  of  the  tensile  strength  was  obtained. 

Mr.  R.  II.  Soule. — Mr.  President,  in  paragraph  13,  embodying 
conclusions  derived  from  these  experiments,  it  is  stated  that  "  for 
wheels  of  moderate  size,  correctly  jiroportioned,  the  solid  rim  is 
by  far  the  safest  form,  and  will  require  a  speed  of  from  350  to 
400  feet  per  second  to  produce  rupture."  I  hojie  that  Professor 
Benjamin,  either  now  or  when  he  writes  up  his  closure,  will  let 
us  know  what  he  considers  wheels  of  moderate  size ;  that  is,  up 
to  what  limit  of  diameter  the  solid  rim  is  the  best  form.  That  is 
left  somewhat  indefinite,  and  very  likely  from  his  experiments 
and  his  general  knowledge  on  the  subject  he  can  give  a  definite 
limit. 

Mr.  11.  G.  Reist. — In  the  middle  of  paragragh  13  it  is  stated  that 
probably  no  joint  can  be  made  for  a  rim  of  solid  cross-section 
which  will  be  more  than  one-third  as  strong  as  the  rim  itself.  It 
seems  to  me  that  the  wheel  shown  in  Fig.  55  probably  has  a 
stronger  section  than  that.  At  any  rate,  I  believe  it  can  readily 
be  made  to  have  from  50  to  GO  i)er  cent,  of  the  strength  of  the 
solid  cross-section. 

Prof.  C.  H.  Benjamin.*- — At  the  session  of  the  Society  on 
Wednesday  morning,  some  allusion  was  made  by  my  friend  Mr. 
Boyer  to  the  fact  that  we  stopped  with  21-inch  fly-wheels,  and 
suggesting  the  desirability  of  going  further  and  trying  to  burst 
wheels  six,  ten,  and  perhaps  twelve  feet  in  diameter.     I  think 

*  Author's  Closure,  uuJerthe  Rules. 
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there  are  other  considerations  besides  financial  ones  which  would 
deter  me  from  making  the  wheels  very  much  larger  (laughter), 
and  I  think  that  if  any  one  were  present  at  the  bursting  of  a  two- 
foot  wheel  he  would  be  satisfied  that  the  experiment  had  reached 
its  limit.     (Laughter.) 

I  will  answer  one  or  two  of  the  questions  which  have  been 
asked.  In  the  first  place,  I  will  say  that  in  the  wheel  shown  in 
Fig.  62  the  arms  were  broken  in  several  instances.  The  Society 
will  readily  understand  that  these  wheels,  as  we  found  them  after 
rupture,  did  not  look  like  the  picture,  and  that  it  was  quite  a  diffi- 
cult matter  sometimes  to  put  the  Chinese  puzzle  together.  We 
afterwards  adopted  the  method  of  marking  the  pieces,  so  that  we 
could  tell  which  was  which  after  rupture.  Even  then  it  was  im- 
possible to  tell  what  broke  first.  In  some  cases  it  is  possible ;  that 
is,  b}'  knowing  how  a  joint  would  break,  in  what  way  it  would 
naturally  fail,  we  can  tell  which  joint  broke  first  and  which  broke 
second.  But  it  is  difficult  to  tell  whether  an  arm  broke  first  in 
one  place  or  in  another.  The  arms  in  many  cases  did  break.  If 
we  had  had  more  time  we  should  have  increased  the  strength  of 
the  joint,  and  have  in  that  way  reached  a  point  where  the  arm 
would  always  break,  and  not  the  joint.  We  did  this,  however,  with 
the  flanges.  With  the  ordinary  flanged  joints,  we  first,  in  burst- 
ing the  wheels,  broke  the  flanges ;  we  then  increased  the  thickness 
of  the  flanges  until  the  bolts  broke,  then  put  in  larger  bolts  and 
broke  the  flanges  again,  and  so  kept  on  until  we  got  so  large  a 
flange  that  its  centrifugal  force  was  enough  to  wreck  the  wheel. 
A  question  was  asked  with  regard  to  the  term  "  wheels  of  moderate 
size."  I  had  reference  to  the  natural  limit  for  transportation  pur- 
poses ;  that  is,  wheels  over  eight  feet  in  diameter  are  usually 
made  in  two  parts,  and  wheels  over  sixteen  or  seventeen  feet  in 
diameter  made  in  sections.  I  made  no  experiments  which  would 
enable  me  to  form  any  conclusions  in  regard  to  the  limitations  as  to 
strength.  It  is  simpl}'  a  question  of  transportation.  All  the  joints 
in  flat  rims  which  have  been  shown  in  these  papers  are  less  than 
one-third  the  strength  of  the  solid  rim  by  calculation  and  bj'  test- 
ing. Joints  in  deep  rims  can  be  made  stronger  than  this.  With 
regard  to  the  tensile  strength  of  the  material,  with  the  English 
wheels  we  could  not  obtain  that,  as  we  had  no  specimens.  With 
most  of  the  wheels  we  had  test  specimens  cast  out  of  the  same 
ladle  as  the  wheel  itself,  and  in  that  way  were  able  to  get  the 
modulus  of  rupture  and  the  tensile  strength  of  the  cast  iron ;  for 
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most  of  the  wheels  the  tensile  strength  w^as  about  18,000,  and  the 
modulus  of  rupture  about  35,000. 

I  am  in  hopes  to  have  ready  in  a  few  months  a  new  testing  ap- 
paratus, when  I  can  burst  wheels  up  to  four  feet  in  diameter,  and 
with  rims  not  exceeding  one  foot  in  width. 

I  would  be  glad  to  have  engine  builders  furnish  me  with  model 
wheels  not  larger  than  the  sizes  mentioned,  and  would  test  them 
free  of  charge. 
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AN  EXPERIMENT  ON  THE  EFFECT  OF  CLEARANCE 
ON  THE  ECONOMY  OF  A  SMALL  STEAM  ENGINES 

BY    ALBERT    KINIJSBUKT,    WORCESTER,    MASS. 

(Member  of  the  Society.) 

1.  The  expeiimeutal  work  to  be  cTescribed  was  undertaken 
under  the  advice  and  supervision  of  the  writer,  as  the  basis  of  a 
thesis  by  Mr.  Irving  A.  Colby  and  Mr.  Lewis  H.  Kenney,  of  the 
Class  of  1899,  at  the  New  Hampshire  College.  The  object  of 
the  experiment  was  to  determine  the  efl'ect  of  varying  clearance 
upon  the  steam  consumption  of  a  small  automatic  engine.  The 
plan  for  the  work  was  to  make  several  series  of  runs,  each  series 
at  a  constant  indicated  horse-power,  with  variable  clearance, 
and  with  boiler  pressure,  quality  of  steam,  and  speed  of  engine 
constant  throughout  all  the  series.  Only  one  such  series  was 
actually  completed ;  but  the  results,  though  covering  only  a 
narrow  range  of  conditions,  appear  to  justify  publication,  in 
view  of  the  small  amount  of  experimental  information  thus  far 
available  upon  this  subject. 

2.  The  engine  tested  was  built  by  H.  B.  Payne  &  Sons,  of 
Elmira,  N.  Y.  It  was  of  the  horizontal  type,  cylinder  5 1',,  inches 
bore,  stroke  7  inches,  with  a  plain  slide  valve  controlled  by  a 
shaft  governor.  With  this  type  of  valve  it  was,  of  course,  im- 
practicable to  control  independently  the  indicated  power,  the 
expansion,  and  the  compression ;  hence,  with  varying  clearance 
there  was  also  some  variation  in  the  expansion  and  the  com- 
pression. The  engine  had  been  in  use  for  some  years,  but  was 
especially  prepared  for  these  tests  by  reboring  the  cylinder, 
fitting  a  new  piston  and  piston  rings,  and  reseating  the  valve. 

*  Presented  at  the  New  York  meeting  (December,  1901)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the 
Transactions. 

\  For  furtlier  discussion  on  this  topic  consult  Transactinns  as  follows  : 
No.  710,  vol.   xviii.,  p.  17(j:     "The   'Promise  aud  Potency'   of  High-pressure 
Steam."     R.  II.  Thurston. 
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3.  For  absorption  of  the  power  and  control  of  the  speed,  the 
engine  was  belted  to  the  line  shaft  in  the  laboratory  ;  which 
shaft  was  driven  by  a  larger  engine  regiilarly  sujjplying  the 
power  for  the  shops.  Thus  the  sjaeed  of  the  engine  was  made 
nearly  constant  and  independent  of  its  own  governor,  and  the 
use  of  a  dynamometer  was  avoided. 

Jr.  The  indicated  power  of  the  engine  was  adjusted  and  main- 
tained at  the  desired  constant  value,  by  varjnng  the  valve  travel 
as  in  the  ordinary  operation  of  the  engine,  the  adjustment  being 
made  by  screw  stops  fixed  upon  the  arms  of  the  governor 
wheel,  limiting  the  inwai-d  motion  of  the  governor  arms  under 
the  spring  tensions,  but  leaving  the  governor  free  to  act  in  case 
of  accidental  excessive  speed.  The  speed,  as  controlled  by  the 
belt,  was  somewhat  slower  tlian  the  slowest  speed  of  the  engine 
when  under  the  normal  control  of  the  governor.  The  valve  was 
set  to  give  nearly  equal  work  in  the  two  ends  of  the  cylinder 
when  the  clearance  had  its  normal  value,  and  the  only  changes 
in  its  motion  thereafter  were  those  due  to  the  necessary  slight 
changes  in  the  angular  advance  and  throw  of  the  eccentric  as 
the  stops  were  adjusted  in  the  governor. 

5.  The  desired  variations  in  the  clearance  volume  were  made 
by  inserting  cast-iron  rings  under  the  back  cylinder  head.  These 
rings  were  turned  to  pass  inside  the  studs,  and  were  bored  to 
the  diameter  of  the  counterbore ;  the  metal  was  about  f  inch 
thick.  The  original  clearance,  which  was  about  13  per  cent,  of 
the  piston  displacement,  was  reduced  to  the  minimum  of  10.82 
per  cent,  by  screwing  a  cast-iron  di.sk  to  the  inner  face  of  the 
cylinder  head.  As  it  was  impracticable  to  vary  the  clearance 
in  the  crank  end  by  the  required  amount,  the  engine  was 
made  single-acting  by  stopping  the  forward  steam  passage  with 
a  block  of  lead,  and  that  end  was  left  open  to  the  air  through 
about  six  feet  of  i-inch  pipe  screwed  into  the  indicator  hole. 
This  arrangement  served  incidentally  to  show  that  there  was  no 
appreciable  piston  leakage  at  any  time  during  the  tests.  It 
probably  produced  some  increase  in  the  alreadj'  high  water  rate 
of  the  engine,  but  the  magnitude  of  this  effect  would  be  difficult 
to  estimate. 

6.  Steam  for  the  engine  was  taken  from  a  main  in  which  the 
gauge  pressure  varied  from  about  75  to  about  85  pounds.  The 
arrangements  for  securing  constant  pressure  and  quality  of 
steam  at  the  engine  were  as  follow :  The   steam  passed  first 
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through  a  li-inch  Mason  reducing  valve,  fitted  with  a  regulat- 
ing wheel,  from  which  cords  were  led  to  a  point  near  the  engine  ; 
by  this  means  the  operators  kept  the  pressure  constant  at  70 
pounds,  as  shown  by  a  gauge  on  the  pipe  near  the  engine. 
After  passing  the  reducing  valve  the  steam  entered  a  reservoir 
of  about  0.6  cubic  foot  capacity  ;  thence  it  passed  through  a 
vertical  "  Straight-Line  "  separator,  and  a  lA  inch  vertical  pipe 
and  valve  to  the  steam  chest. 

A  throttling  calorimeter  was  attached  to  the  steam  pipe  just 
below  the  separator  ;  it  was  operated  at  atmospheric  pressure, 
and  the  thermometer  was  exposed  directly  to  the  superheated 
steam.  The  exhaust  was  condensed  and  weighed  by  discharg- 
ing it  into  a  barrel  of  water  standing  on  a  platform  scale. 

7.  A  Thompson  indicator  was  used,  with  60-poiind  spring. 
To  eliminate  the  effects  of  inertia  of  the  drum  of  the  indicator, 
the  drum  spring  was  made  of  such  stiffness  that  the  free 
oscillations  of  tlie  drum  were  nearly  synchronous  with  the 
sti'okes  of  the  engine,  thus  insuring  almost  constant  tension  in 
the  indicator  coi'd  when  running.  The  cord  was  not  more  than 
two  feet  in  length.  The  rediicing  motion  was  rigid,  free  from 
lost  motion,  and  involved  no  geometric  error. 

8.  The  strokes  of  the  engine  were  registered  by  a  continuous 
counter.  The  volumes  of  the  clearance  were  determined  by 
adding  to  the  minimum  clearance,  as  measured  by  the  usual 
method  of  filling  the  space  with  water,  the  computed  volumes 
of  the  successive  rings  placed  under  the  cylinder  head. 

9.  All  the  runs  were  made  at  the  same  mean  effective  pres- 
sure as  nearly  as  practicable.  Since  each  change  of  clearance 
affected  the  expansion  and  comj^ression  ratios,  it  was  necessary 
to  adjust  the  valve  travel  for  each  change  of  clearance,  in  order 
to  maintain  the  mean  effective  pressure  constant.  The  time  re- 
quired to  make  this  adjustment  closely  was  considerable,  hence 
some  variation  was  allowed  ;  the  mean  effective  pressure  thus 
ranged  from  18.7  to  21  pounds.  This  corresponds  to  a  rather 
small  load  for  the  engine,  but  the  original  intention  of  making 
other  series  of  runs  at  higher  loads  could  not  be  carried  out  in 
the  available  time. 

10.  The  routine  of  testing  was  as  follows :  The  desired  clear- 
ance was  provided  ;  the  governor  was  set  by  trial  for  the  re- 
quii-ed  constant  mean  effective  pressure ;  the  engine  was  then 
nin  for  ten  or  fifteen  minutes,  the  exhaust  discharging  into  the 
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atmosphere/  At  the  starting  signal  the  exhaust  was  diverted  to 
the  condensing  tank  by  a  branch  pipe  and  valves,  and  the  speed 
counter  was  connected.  Eeadiiigs  of  the  calorimeter  temperature, 
gauge  pressure,  and  room  temperature,  and  also  indicator  dia- 
grams were  taken  every  five  minutes,  beginning  two  and  one-half 
minutes  after  the  start.  At  the  end  of  the  thirty-minute  run 
the  exhaust  was  again  discharged  into  the  atmosphere,  and  the 
stroke-counter  was  disconnected.  Two  such  runs  were  made 
for  each  value  of  the  clearance,  excej^t  in  two  cases,  when  three 
runs  were  made. 

11.  Specimen  indicator  diagrams  for  the  several  clearances 
are  shown  in  Fig.  63,  and  a  summary  of  the  numerical  data 
and  results  is  given  in  Table  I.: 

The  mean  calorimeter  temperature  of  259.7  degrees  Fahr. 
corresponds  to  1.6  per  cent,  moisture  in  the  steam  ;  the  extreme 
tempei'atures,  251  degrees  and  261  degrees,  to  1.3  per  cent,  and 
1.9  per  cent,  respectively. 

12.  The  results  of  the  tests  are  shown  in  the  diagram  (Fig.  61). 
In  this  diagram  the  only  points  that  do  not  fall  into  a  fair  curve 
are  those  for  runs  Nos.  la,  S^r,  8?*,  lOo,  and  lOA,  in  all  of  which 
runs  there  existed  the  exceptional  condition  of  poor  cylinder 
lubrication,  the  rubbing  surface  being  found  dry  and  abraded  at 
the  end  of  the  run.  Only  one  result  obtained  under  this  condi- 
tion (7i)  falls  on  the  curve.  This  run  was  made  after  an  interval 
of  several  hours,  and  the  lubrication  may  not  have  been  defective 
throughout  the  run.  Runs  Sa  and  8^),  made  consecutively  with 
poor  lubrication,  show  the  low  water  rate  common  to  the  runs 
made  under  this  condition,  but  run  8c.',  made  at  a  later  date  with 
good  lubrication,  gives  a  result  falling  on  the  curve.  Thus  in 
each  of  these  cases  of  excessive  fi'iction,  with  the  single  excep- 
tion of  Ih,  the  water  rate  is  about  10  per  cent,  lower  than  that 
which  would  render  all  the  results  fairly  concordant. 

13.  This  evidence,  as  far  as  it  goes,  points  distinctly  to  a  re- 
duction in  the  cylinder  condensation  by  the  heating  of  the  piston 
and  cylinder  through  excessive  friction.  It  is  not  improb- 
able that  the  minor  variations  of  those  results  that  are  nearly 
concordant  are  also  largely  due  to  variations  in  the  supply  of 
cylinder  oil  and  in  the  friction  of  the  piston  and  the  valve.  The 
supply  of  oil  was  scanty  throughout  the  tests,  only  one  or  two 
small  drops  per  minute,  the  object  being  to  avoid  the  well-known 
effect  of  a  free  supply  of  oil  in  reducing  cylinder  condensation, 
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TABLE  I. 
Mean  Data  and  Results  op  Tests.    5  by  7  Automatic  Engine. 
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*  In  these  nins  the  cylinder  lubrication  was  insufficient,  and  the  bore  of  the  cylinder  waa  found 
dry  and  abraded  at  the  end  of  the  run  in  each  case. 
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but  no  especial  effort  was  made  to  keep  the  i-ate  of  oil-feed 
constant. 

14.  The  curve  of  results,  as  drawn,  shows  a  regular  but  not 
great  increase  in  the  water  rate  with  increase  of  clearance.  The 
increase  of  clearance,  however,  is  accompanied  by  an  increase  in 
the  pressure  at  release,  corresponding  to  less  complete  expan- 
sion ;  also  by  a  decrease  in  the  pressure  at  the  end  of  compres- 
sion. The  increase  in  the  water  rate  can  therefore  be  regarded 
only  as  the  joint  effect  of  increased  clearance  with  decreased 
expansion  and  decreased  compression,  under  the  relations  of 
these  variables  as  determined  by  the  slide  valve  and  for  the 
given  constant  indicated  power. 


ADDED  AT  THE  MEETING. 


The  areas  to  which  the  steam  was  exposed  in  the  cylinder  and 
steam  passages  were  as  follows  : 


reii  in  Square  Inches  for 

Mininxiim  Clearance. 

10.83  per  cent. 


Areii  in  Square  Indies  for 

Maximum  Clearance. 

.■S2.5  per  cent. 


At  beginning  of  stroke . 
At  end  of  stroke 


111.2 
233.6 


135.7 
246.9 


DISCUSSION. 


Mr.  Henry  E.  Longioell. — The  ordinary  single  valve  engine,  in 
which  the  cut-off  is  effected  by  a  variable  throw  eccentric,  must 
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of  necessity  have  a  certain  amount  of  clearance,  or  it  would  not 
run  at  all. 

The  amount  of  clearance,  within  certain  limits,  fixes  the 
exhaust-lap.  As  we  reduce  clearance,  we  must,  in  order  to  avoid 
excessive  compression,  cut  off  exhaust-lap.  Reduction  of  exhaust- 
lap  means  earlier  release  with  consequent  free  expansion  losses. 
It  also  means  exposing  the  cylinder  to  exhaust  temperature  for  a 
longer  period  of  time. 

I  think  that,  if  it  had  been  a  mechanical  possibility  for  Mr. 
Kingsbury  to  have  carried  out"  his  experiments  with  clearances 
materially  less  than  10.S2  per  cent,  his  curve  of  steam  consumption 
would  have  taken  a  ver}'  abrupt  upward  turn  at  the  left-hand  end. 

I  believe  that  a  certain  amount  of  clearance,  far  from  being 
the  unmitigated  evil  that  we  are  prone  to  believe,  has  under  many 
conditions,  if  judiciously  used,  decided  economic  advantages. 

If  I  were  afflicted  with  a  baill}'  underloaded  non-condensing 
Corliss  engine  with  small  clearances,  I  should  expect  to  effect  a 
better  cure  by  increasing  clearance  and  compression  than  by  any 
other  means  short  of  putting  on  a  smaller  cylinder.  I  should 
expect  the  increased  cleai'ance  to  prevent  a  ruinously  low  termi- 
nal pressure,  and  the  earlier  compression  to  reduce  the  exhaust- 
waste. 

To  illustrate  the  way  in  which  clearance  may  be  utilized  to 
modify  the  character  of  the  curve  representing  the  co-relation 
between  load  and  steam  consumption,  I  would  call  attention  to 
the  diagram  submitted  herewith  (Fig.  65.) 

Curve  AA  is  plotted  from  data  given  on  pages  12G  and  127  of 
Mr.  Geo.  II.  Barrus'  work  entitled  "  Engine  Tests."  The  results 
were  obtained  from  a  pair  of  IG-inch  by  •12-inch  Corliss  non-con- 
densing engines  running  at  about  85  revolutions  per  minute,  for 
which  detei'minations  of  steam  consumption  were  made  at  six 
different  loads  corresponding  to  mean  effective  pressures  varying 
from  5.03  to  4-8.4:  pounds  per  square  inch.  The  small  circles  mark 
the  height  of  the  ordinates  representing  the  actual  steam  con- 
sumption. The  observed  quantities  for  mean  effective  pressures 
of  13.8  and  20.2  pounds  do  not  fall  on  a  smooth  curve,  so  I  have 
taken  the  liberty  of  assuming  that  the  consumption  at  20.2 
pounds  is  a  little  better  than  the  measurements  shown,  and  the 
consumption  at  13.8  pounds  is  a  little  worse. 

Curve  BB  is  plotted  from  a  test  which  I  made  about  five  years 
ago  on  an  IS  x  16-inch  two-cylindei',  single-acting,  single  valve, 
13 
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simple,  non-condensing  engine,  for  which  determinations  of  steam 
consumption  were  made  at  six  different  loads  corresponding  to 
mean  effective  pressures  ranging  from  6.12  to  51.4  pounds  per 
square  inch.  I  would  be  more  explicit  and  say  that  it  was  a 
Westinghouse  standard  automatic  engine,  were  it  not  so  injudi- 
cious to  antagonize  public  opinion  with  the  statement  that  this 
much-slandered  machine  is  capable  of  developing  an  indicated 
horse-power  on  a  little  less  than  27  pounds  of  steam  i)er  hour, 
even  under  the  most  favorable  conditions. 
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The  observed  quantities  are  indicated  by  crosses,  and  all  fall 
very  closely'  on  a  smooth  curve.  The  diagram  has  not  been 
extended  quite  far  enough  to  the  right  to  include  the  observation 
at  51.-4  pounds  mean  effective  pressure.  It  was  actually  29.7 
pounds,  and  the  curve,  if  prolonged,  will  pass  through  this  point. 

The  clearance  of  the  Corliss  engine  is  reported  as  2^  per  cent. 
The  clearance  of  the  single-valve  engine  is  about  12  per  cent. 
The  steam  pressure  in  both  instances  was  100  pounds,  and  the 
steam  was  assumed  to  be  commercially  dry,  no  corrections  for 
moisture  having  been  made. 
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These  curves  cross  at  about  2-t  pounds  mean  effective  pressure, 
the  engine  with  small  clearance  having  the  advantage  on  the 
higher  mean  effective  pressures  and  the  engine  with  the  large 
clearance  having  the  advantage  on  the  lower  mean  effective 
pressures. 

A  casual  inspection  of  the  diagram  will,  I  think,  make  it 
apparent  that,  apart  from  any  commercial  considerations  other 
than  steam  consumption,  the  character  of  the  load  on  an  engine 
is  one  factor  in  determining  whether  a  certain  amount  of  clear- 
ance in  excess  of  the  minimum  possible  is  a  detriment  or  a  benefit. 
It  is  my  own  opinion  that  in  an  engine  underloaded  all  the  time, 
or  with  a  widely  varying  load  which  averages  much  below  normal, 
the  clearance  is  beneficial,  or,  more  strictly  speaking,  can  be  made 
beneficial. 

The  amount  of  clearance  which  can  be  used  to  advantage  un- 
doubtedly bears  some  relation,  yet  to  be  determined,  to  the  initial 
pressure  and  the  back  pressure.  The  illustration  submitted  is  not 
intended  to  be  general,  but  is  simply  a  comparison  between  two 
widely  differing  types  of  engines  of  about  the  same  nominal 
capacity,  one  generally  accepted  as  the  acme  of  economy  and  the 
other  as  a  sj'nonym  for  wastefulness.  It  also  applies  only  to 
steam  pressure  of  100  pounds  and  atmospheric  back  pressure. 
Neither  is  it  asserted  that  12  per  cent,  is  the  best  amount  of 
clearance  for  these  conditions,  nor  that  the  clearance  has  been 
used  to  the  best  possible  advantage. 

In  our  investigations  as  to  the  effect  of  clearance,  we  are 
generally  so  fixed  in  our  belief  that  it  is  a  bad  thing  that  we  are 
apt  to  confine  our  efforts  to  determining  how  bad  it  is,  and  we 
can  usuall}'  find  plenty  of  trouble  if  we  hunt  for  it  diligently. 
A  line  of  systematic  endeavor  to  ascertain  Avhether  or  not  clear- 
ance has  some  good  points  which,  if  properly  utilized,  would 
more  than  offset  its  bad  points,  might  result  in  our  finding 
that  it  is  something  like  a  medicine — its  good  or  bad  effect 
depending  on  how  much  one  needs  it,  and  how  intelligently 
he  uses  it. 

Mr.  II.  II.  Suplee. — In  experiments  upon  clearance,  there  are 
naturally  involved  also  experiments  upon  condensation,  and  I 
should  like  to  call  the  attention  of  the  meeting  to  some  of  the 
latest,  experiments  which  have  been  made  by  Professor  Dwels- 
hauvers  at  the  University  of  Liege ;  probably  many  of  you  aie 
familiar  with  his  earlier  expenments,  but  I  have  put  two  diagrams 
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upon  the  board  from  one  of  his  latest  publications  which  has  not 
yet  appeared  in  English.  lie  found  that  excessive  compression 
was  wasteful,  and  conducted  a  long  series  of  experiments  to  find 
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Fig  66.— Curtes  prom  Paper  op  Professor  D-yvKLSHAUVKRS-DERr,  Bevue 
de  Mecanique,  Jai.Y,  1901.  The  Hook  op  Curve  XC  is  Due  to  Con- 
densation OP  THE  Compressed  Steam  ;  the  Dotted  Curve  to  A' 
Shows  the  Compression  of  Air,  proving  the  absence  op  Leakage. 


the  reason ;  in  every  case,  he  found  that  where  the  compression 
was  carried  to  a  high  point  a  peculiar  hook  was  produced,  as  seen 
slightly  in  the  lower  line,  Fig.  06,  which  resembles  some  of  those 
given  in  Professor  Kingsbury's  paper.  In  cards  1  and  3,  Fig.  63, 
for  instance,  the  hook  is  beginning  to  form ;  the  line  ceases  to  go 
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up  on  the  compression  curve,  and,  if  the  compression  had  been  a 
httle  higher,  the  hne  woukl  have  dropped  as  a  hook.  That  hook 
means  practically  a  cyhnder  condensation — not  of  the  admitted 
steam,  but  of  the  compressed  steam.  The  compression  has  been 
so  high  that  the  temperature  of  the  steam  is  higher  than  that  of 
the  cyhnder,  and  the  steam  begins  to  condense.  In  order  to 
prove  that.  Professor  Dwelshauvers  proceeded  to  run  the  engine 
as  an  air  compressor,  everything  else  remaining  unchanged,  and 
the  engine  being  driven  by  an  electric  motor ;  he  got  the  lower 
curve  shown,  and  no  hook  was  produced.  The  moment  steam 
was  introduced,  the  hook  appeared,  and  he  concluded  that  the  loss 
in  the  high  compression  is  due  to  the  condensation  of  the  com- 
pressed steam  exactly  like  the  condensation  of  live  steam. 

Professor  Jacohus. — Professor  Kingsbury  states  that  the  mean 
calorimeter  temperature  of  259.7  degrees  Fahr.  corresponds  to  1.6 
per  cent,  of  moisture  in  the  steam.  His  tests  were  made  at  70 
pounds  gauge  pressure.  This  temperature  does  not  correspond 
to  1.6  per  cent,  of  moisture,  but  to  slightly  less  than  1  per  cent., 
provided  the  temperature  given  has  been  corrected  for  the  radia- 
tion of  the  calorimeter,  and  for  any  error  due  to  not  heating  the 
stem  of  the  calorimeter  thermometer.  On  the  other  hand,  if  no 
corrections  have  been  made  for  radiation  and  in  the  ther- 
mometer reading,  there  will  be  a  greater  discrepancy  involved 
than  that  which  exists  between  his  figures  and  that  obtained 
on  the  as  sumption  that  259.7  degrees  Fahr.  is  the  corrected 
temperature. 

I  wish  to  ask  Professor  Kingsbury  whether  the  corrections  just 
specified  have  been  made  in  the  temperature  reading  of  259.7 
degrees  Fahr.  which  he  gives;  and  to  point  out  that,  if  such  is  not 
the  case,  the  steam  used  in  his  experiments  was  much  more  nearly 
dry  than  he  states  in  his  paper. 

Mr.  J.  E.  Johnson,  Jr. — I  should  like  to  ask  in  connection 
with  these  experiments  if  there  are  any  data  to  be  had  on  the 
effect  of  varying  the  surface  of  the  clearance,  leaving  its  volume 
the  same. 

We  have  now  some  data  bearing  on  the  effect  of  vai-ying  clear- 
ance, and  that  is  one  of  the  manv  elements  affecting  steam- 
engine  economy  which  it  is  possible  to  determine  with  a  reason- 
able degree  of  accuracy  by  calculation  ;  while  direct  experiments 
varying  clearance  volume,  without  varying  other  almost  equally 
important  factors,  especially  compression,  are,  as  Professor  Kings- 
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bury's  paper  shows,  practically  impossible.  Accurate  quantitative 
data  on  the  effect  of  clearance  surface,  on  the  other  hand,  are 
practically  non-existent,  and  are  of  the  utmost  importance  be- 
cause a  variation  in  that  element  probably  affects  economy  more 
seriously  than  a  variation  in  clearance  volume. 

It  is  also  to  be  noted  that  tests  with  every  other  element  con- 
stant and  only  the  surface  varied  are  a  very  simple  matter. 

It  is  only  necessary  to  start  with  a  relatively  large  clearance 
(obtained  by  recessing  the  cylinder  head,  or  in  some  similar  man- 
ner) with  a  perfectly  plain  surface  and  then,  keeping  the  volume 
the  same,  make  a  corrugated  head  with  a  known  increase  in  tiie 
amount  of  surface. 

Tests  made  in  this  or  some  similar  manner  with  the  same  kind 
of  surface  in  each  case,  and  especially  a  series  of  tests  with  dif- 
ferent kinds  of  surface  in  the  different  sets  but  the  same  kind 
throughout  each  set  of  the  series,  would  be  of  almost  inestimable 
value. 

If  such  a  series  included  one  with  a  surface  which  imitated  as 
closely  as  possible  the  surface  of  the  cylinder  walls  where  polished 
by  the  piston  as  well  as  those  representative  of  the  surface  of  the 
heads,  the  results  would,  I  believe,  receive  a  ver\^  warm  welcome 
from  all  designing  steam  engineers,  and  would  certainly  supply 
data  by  the  aid  of  which  the  economv  of  a  given  engine  could  be 
determined  by  calculation  much  more  accurately  than  is  now 
possible. 

In  regard  to  the  cards  which  Mr.  Suplee  has  shown,  in  con- 
nection with  varying  compression,  it  is  just  as  well  to  call  atten- 
tion to  the  fact  that,  while  we  get  the  "  hook  "  in  one  case  and  do 
not  in  the  other,  the  condensation  which  the  hook  represents  takes 
place  just  the  same  with  the  lower  compression,  but  is  delayed 
until  after  admission  occurs,  and  therefore  is  made  good  by  live 
steam,  and  so  does  not  get  a  chance  to  show. 

Results  of  experiments  on  this  subject  are  to  be  handled  with 
extreme  care.  Professor  Dwelshauvers-Dery  published  the  results 
of  a  series  of  such  experiments  in  "  Power"  a  few  years  ago  with 
some  calculations  based  thereon,  which,  owing  to  the  method  by 
which  the  results  were  deduced,  pointed  to  an  utterly'  erroneous 
conclusion.  Mr.  Isherwood  pointed  this  out  afterwards,  but  his 
lucid  explanation  did  not  create,  apparently,  as  deep  an  impression 
as  it  should  have. 

Mr.  Suplee. — Of  course,  when  the  lead  is  increased  a  little  and 
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the  live  steam  let  in,  the  hook  on  the  compression  curve  disappears, 
the  card  looks  better,  and  one  feels  better  about  it,  but  the  steam 
has  been  lost  all  the  same. 

Mr.  W.  F.  2[.  Goss. — I  did  not  receive  Professor  Kingsburv's 
paper  until  after  I  had  reached  New  York,  and  for  this  reason 
I  am  unable  to  present  the  results  of  certain  tests  made  under  my 
direction  several  years  ago  upon  a  plan  precisely  similar  to  that 
emploved  by  Professor  Kingsbury.  My  engine,  however,  was 
larger  than  that  upon  which  he  experimented,  being  of  35  horse- 
power and  having  a  cylinder  approximately  S  x  IC  inches.  The 
results  of  my  experiments,  as  I  now  recall  them,  were  substantial!}^ 
in  accord  with  those  presented  b\'  Professor  Kingsbury ;  that  is, 
wide  differences  in  clearance  did  not  material!}'  affect  tlie  steam  con- 
sumption. In  my  experiments,  however,  the  piston  displacement 
was  so  great  in  proportion  to  the  capacity  of  the  air  port  connecting 
the  dead  end  of  the  cylinder  with  the  atmospliere,  that  the  worlc 
done  upon  the  air  resulted  in  the  development  of  considerable 
beat,  sufficient,  as  it  seemed  to  me,  to  materially  warm  the  walls 
of  the  cylinder.  The  difficulty  was  one  which  could  not  easily 
be  overcome.  Its  existence,  and  the  occurrence  of  certain  incon- 
sistencies which  appeared  in  the  data,  cast  some  doubt  upon  the 
value  of  the  results,  and  the  outcome  of  the  whole  series  was  judged 
to  be  inconclusive. 

We  are  now  working  upon  the  clearance  problem  by  metiiods 
which  seem  to  me  to  offer  very  great  promise  of  success.  We  have 
a  16x2-±  inch  Corliss  engine,  fitted  with  a  disk  crank,  in  which 
we  have  arranged  holes  for  the  crank  pin  at  varying  distances 
from  the  centre  of  the  shaft,  so  that  the  stroke  of  the  engine  may 
be  varied,  with  the  result  tliat  the  cylinder  clearance  will  be  kept 
substantially  the  same  for  both  ends  of  the  cylinder,  while  being 
varied  from  -i  to  22  per  cent.  I  should  add  that  the  clearance 
problem  is  one  of  many  variables ;  if,  for  purposes  of  experimenta- 
tion, clearance  is  varied,  all  other  things,  such  as  cut-off,  or  possibly 
the  power  developed,  and  the  compression  must  remain  constant. 
But  these  latter  factors  ai-e  as  important  in  their  effect  upon  the 
economy  of  the  engine  as  clearance  itself,  hence  a  complete  solu- 
tion of  the  matter  requires  a  long  list  of  tests  in  series,  tliere  being 
at  least  one  series  in  which  each  of  these  variable  factors  shall 
appear  in  its  turn  as  the  only  variable.  Our  laboratory  has  been 
engaged  upon  a  plan  of  tliis  sort  for  two  years  past,  but  the  data 
accumulated  are  not  enough  to  warrant  general  conclusions. 
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Professor  Kingsbury* — In  the  ex  peri  men  teal  results  submitted 
by  Mr.  Longwell  it  appears  to  me  that  the  marked  differences  in 
the  steam  consumption  of  the  t^YO  engines  at  very  small  loads  is 
largely  due  to  the  well-known  difference  in  the  amounts  of  com- 
pression in  the  types  of  engine  compared,  the  single-valve  engine 
having  high  compression  at  low  loads,  and  the  Corliss  engine  little 
or  none;  and  that  no  definite  conclusion  with  regard  to  the  effect 
of  the  difference  in  the  clearance  volumes,  aside  from  compression, 
can  be  drawn  from  the  comparison  of  the  tests.  Nevertheless,  it 
seems  quite  possible  that  Mr.  Longwell  is  right  in  his  belief  that 
a  small  amount  of  clearance  may  be  beneficial,  in  certain  cases, 
for  purely  thermodynamic  reasons.  It  was  one  of  the  objects  of 
our  experiments  to  investigate  this  point,  but,  as  already  stated, 
we  did  not  succeed  in  covering  the  desired  range  of  loads  and 
clearances. 

With  regard  to  the  question  raised  by  Professor  Jacobus,  I 
would  say  that  no  corrections  were  made  for  radiation  or  conduc- 
tion for  the  throttling  calorimeter  ;  the  ordinary  formula  for  deter- 
mination of  the  per  cent,  of  moisture  was  used.  The  purpose  in 
determining  the  moisture  was  rather  to  have  assurance  of  its  con- 
stancy than  to  find  the  exact  amount,  since  no  cori-ection  for 
moisture  was  made  in  stating  the  water-rate  of  the  engine ;  and 
the  per  cent,  of  moisture  is  shown  to  vary  only  slightly.  I 
may  add  that  the  calorimeter  was  wrapped  with  felt,  the  ther- 
mometer being  inserted  through  a  rubber  cork  and  exposed 
directly  to  the  superheated  steam,  which  escaped  at  atmospheric 
pressure. 

Professor  Goss'  plan  for  varying  the  clearance  by  varying  the 
stroke  of  the  engine  would,  it  appears  to  me,  introduce  complexi- 
ties quite  as  undesirable  as  those  existing  in  our  experiments ;  it 
would  be  difficult  to  deduce  general  laws  from  experiments  made 
under  such  conditions.  This  method  of  varying  the  clearance 
was  considered,  among  others,  in  planning  our  experiments,  but 
was  rejected,  partly  from  the  above  consideration,  partly  because 
it  would  necessitate  rebuilding  the  crank  end  of  the  engine. 

Mr.  Johnson's  interesting  suggestion  as  to  the  desirability  of 
tests  with  constant  volume  and  varying  area  of  clearance  is  one 
which,  it  is  to  be  hoped,  may  be  carried  out  by  some  investigator. 
I  do  not,  however,  agree  with  him  in  thinking  that  we  have  at 

*  Author's  Closure,  under  the  Rules. 
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present  any  very  exact  knowledge  of  the  effect  of  clearance,  either 
from  theory  or  from  experiment.  There  is  very  little  information 
in  print  regarding  experiments  with  varied  clearance  ;  much  more 
work,  like  that  of  Dwelshauvers-Dery,  has  been  done  with  con- 
stant clearance,  and  compression  varying. 
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THE  HEAT-ENGIXE  PROBLEM,  f 

BY   CHARLES   E.    LUCRE,    NEW   YORK. 

^Nou-Member.) 

AND  PRESENTED  BT  R.  H.  FERNALD. 

(Associate  Member.) 

1.  A  MATHEMATICAL  analysis  of  the  different  cycles  of  variation 
of  state  through  which  a  mass  of  gas  may  pass  can  give  no  more 
than  a  provisional  idea  of  the  value  of  those  cycles  for  convert- 
ing the  energy  of  heat  into  useful  power.  Such  an  analysis 
must  presuppose  certain  ideal  conditions  that  may  or  may  not 
be  possible  in  practice,  and  though  mathematically  we  may  find 
that  one  cycle  should  convert  move  of  the  heat  supplied  into  work 
than  any  other,  there  may  be  difficulties  in  the  way  of  practicallj' 
getting  this  result.  It  may  happen,  for  example,  that  a  very 
complicated  large. or  heavy  machine  is  necessary,  or  that  the 
required  changes  of  state  in  the  gas  cannot  be  carried  out  at 
all,  or,  perhaps,  not  fast  enough  to  be  useful  in  a  prime  mcv :r. 

In  the  general  study,  then,  of  the  heat-engine  problem,  we 
must  add  to  the  analytic  cyclic  discussion  a  careful  considera- 
tion of  a  number  of  practical  questions,  the  results  of  which, 
when  allied  with  the  mathematical  analysis,  will  permit  of  a 

*  Presented   at   the   New  York   meeting  (December,   1901)  of  tlie  American 

Society  of  Mechanical  Engineers,   and  forming  part  of  Volume  XXIIL  of  the 

Transactions. 
f  For   fiirtlier  discussion   on   the    same    toi)ic    consult   the    Transactions  as 

follows  : 

No.  843,  vol   xxi.,  p.  396  :  "An  Efficiency  Test  of  a  One  Hundred  and  Twenty- 
five  Horsepower  Ga.s  Engine."     C.  II.  Robertson. 

No.  861,  vol.  xxi. ,  p.  961  ;    "The  Gas-engine  Hot  Tube  as  an  Ignition-timing 
Device."     \Vm.  T.  Magruder. 

No.  875,  vol.  xxii.,  p.  152  ;  "  Efficiency  of  a  Gas  Engine  as  Modified  by  Point  of 
Ignition."     C.  V.  Kerr. 

No.  879,  vol.  xxii.,  p.  313:  "A  New  Principle  in  Gas-engine  Design."     C.  E. 
Sargent. 

No.  895,  vol.  xxii.,  p.  612  :  "  Efficiency  Tests  of  a  One  Hundred  and  Twenty-five 
Horse-power  Gas  Engine."    C.  H.  Robertson. 
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logical  selection  of  the  proper  cycle  to  which  we  should  devote 
our  executive  energies  ;  their  goal  is  the  production  of  that 
prime  mover  whose  source  of  energy  shall  be  heat,  whose 
medium  of  transformation  of  this  heat  into  work  a  perfect  gas, 
and  which  shall  call  for  the  simplest  machine,  giving  the  greatest 
power  in  the  smallest  space  with  the  least  metal  and  under  the 
most  favorable  circumstances. 

2.  Evei-y  cycle  available  for  transforming  heat  energy  into 
mechanical  energy  hj  the  moving  of  a  part  against  a  resistance, 
must  include  as  one  of  its  phases  the  heating  of  the  gas  in  some 
particular  way  peculiar  to  that  cycle.  This  giving  of  heat 
energy  to  the  transforming  gas  presupposes  a  source  of  heat 
which  in  practice  must  be  a  fire.  The  heat  of  a  fire  may  be 
imparted  to  a  mass  of  gas  in  thi'ee  ways  : 

I.  The  fire  nva,y  be  placed  on  one  side  of  a  wall  through  which 
the  heat  must  pass  to  the  mass  of  gas  on  the  other  side ;  this 
may  be  termed  external  heating. 

II.  The  fire  may  be  caused  to  heat  a  solid  mass,  which  is 
afterward  shut  off  from  the  fire  and  brought  into  contact  with 
the  mass  of  gas ;  this  is  a  combination  of  external  and  internal 
heating. 

III.  The  fire  may  be  enclosed  and  maintained  by  the  mass  of 
gas  itself ;  in  this  case  the  gas  must  be,  at  least  in  part,  air  which 
will  furnish  oxygen  for  this  internal  combustion. 

3.  Any  system  which  depends  on  the  heating  of  the  gas  by 
contact  witli  solid  matter  at  a  high  temperature,  must  necessarily 
be  slow  in  operation  and  involve  large  masses  of  gas.  For  the 
transfer  of  heat,  the  source  must  be  hotter  than  the  receiving 
mass,  and  a  difference  of  temperature,  for  a  given  rate  of  transfer 
sufficiently  high  to  be  of  practical  value,  must  be  greater  than 
the  medium  of  transfer  can  stand  without  injury.  Consider 
how  hot  the  walls  of  a  chamber  would  have  tobe  ot  heat  a  mass 
of  gas  as  rajjidly  as  is  done  in  the  gas  engine,  and  the  point 
made  above  will  be  clear.  Nevertheless,  engines  with  this  kind 
of  heating  have  been  built,  but,  admirable  as  some  of  them  have 
been  in  conception,  they  have  proved  failures  as  prime  movers 
in  competition  with  others  because  of  the  points  noted.  The 
engines  of  Ericsson,  Rankine,  and  the  Stirlings  are  all  in- 
cluded in  this  class,  with  results  that  are  well  known.  Erics- 
son's large  engine  of  300  horse-power  showed  a  mean  effective 
pressure  of  about  2  pounds  per  square  inch  with  a  piston  area 
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of  600  square  feet.  The  only  macbine  now  working  with  this 
external  heating  is  the  one  known  as  Rider-Ericsson,  used  in 
small  sizes  only  for  the  slow  pumping  of  water. 

4.  Nothing  that  this  system  can  do  will  compare  with  what 
may  be  derived  from  the  use  of  the  internal-combustion  method 
of  heating.  This  internal-combustion  heating  of  a  mass  of  gas 
will  permit  of  a  heating  as  rapid  as  we  choose,  and  to  any 
temperature  up  to  a  certain  maximum.  If  all  the  air  sup- 
plied has  its  oxygen  converted  with  the  fuel  to  CO.,  H^O,  etc., 
there  being  no  excess  of  either  oxygen  or  fuel,  then  the  mass  of 
gas  which,  it  is  true,  has  changed  in  chemical  composition,  but 
not  materially  in  physical  properties,  has  received  the  maxi- 
mum amount  of  heat  obtainable  from  the  combustion  of  the 
fuel  used.  If  only  a  part  of  the  air  support  combiistion  and  the 
products  be  diluted  with  unused  air  or  by  steam,  etc.,  then  any 
desired  temperature  between  the  original  temperature  of  the 
gases  and  the  maximum  may  be  obtained.  The  problem  of 
heating  gases  by  an  internally  maintained  fire  is  difficult,  com- 
pared with  the  other  method  of  external  heating,  and  this  may 
account  for  its  later  application.  We  might  say  in  brief  that 
externally  heating  a  gas  is  thermally  bad  but  easily  done, 
internally  heating  the  gas,  thermally  good  but  not  so  easy 
to  do. 

5.  Heating  working  gases  by  internal  combustion  has  been 
done  with  coal,  oil,  and  gas.  The  methods  used  might  be  tabu- 
lated briefly. 

I.  With  coal : 

(a)  Air  is  passed  through  a  coal  fire  with  or  without  a  grate. 
Cayley,  Shaw,  and  Genty. 

(6)  A  coal  fire  is  moved  through  an  enclosed  mass  of  air. 
Lord. 

II.  With  liquid  fuel  not  previously  vaporized  : 

(a)  The  enclosed  air  acts  as  a  quiet  atmosphere  supporting 
the  combustion  of  a  jet  of  oil  flame.     Diesel. 

(h)  The  air  is  caused  to  move  past  a  burner,  and  in  passing 
supports  combiistion,  the  heated  products  passing  on.  Wilcox, 
Brayton,  Nordberg,  and  Shadall. 

(c)  Oil  is  thrown  into  a  hot  chamber,  there  vaporized,  and 
brought  into  contact  with  tlie  air,  the  proportions  being  so 
maintained  as  to  make  the  resulting  gaseous  mixture  explosive. 
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Combustion  is  of  the  self-propagated  sort.     Hornsby,  Mietz  & 
Weiss,  and  Capitaiue. 

III.  With  gas  or  previously  vaporized  oil : 

(a)  An  enclosed  air  atmosphere  supf)orts  a  quiet  jet  of  gas 
flame.     Diesel  and  Gibbs. 

(b)  Air  in  motion  passes  a  fixed  gas  flame  as  in  most  atmos- 
pheric engines.     Wilcox,  Weiss,  and  Otto  atmospheric. 

(c)  Air  mixed  -n-ith  gas  in  explosive  proportions  is  caused 
to  pass  a  point  where  the  combustion  is  localized.  Brayton, 
Schmid,  Beckfeld,  aud  Reeve. 

(c7)  Air  mixed  with  gas  in  explosive  proportions  is  enclosed 
in  a  chamber,  aud  while  at  rest  burned  by  self-propagation, 
after  inflammation  was  provoked  by  a  local  ignition.  Otto, 
Priestman,  Nash,  Westingliouse,  and  in  fact  nearly  all  existing 
internal-combustion  engines. 

The  above  classification  leads  directly  to  the  broad  division 
of  internal-combustion  engines  into  two  great  classes,  the  explo- 
sive and  non-explosive.  The  term  "  explosive  "  we  shall  apply  to 
all  those  engines  in  which  a  mass  of  gaseous  mixture  at  rest  is 
ignited  at  one  point,  and  the  whole  burned  by  self-propagation. 
The  other  term, "  non-explosive,"  we  shall  apply  to  those  engines 
in  which  the  gases  are  in  motion  and  in  that  motion  pass  a 
point  where  combustion  is  localized,  and  are  there  heated  in  the 
passing.  To  complete  our  terminology,  we  add  the  expressions 
"  intermittent  non-exjjlosive,"  to  those  machines  in  which  the 
combustion  is  periodically  interrupted  at  the  cylinder  end  as 
in  Diesel's,  and  "  continuous  non-explosive  "  to  those  in  which 
the  combustion  is  maintained  in  a  chamber,  and  the  hot  gases 
used  as  required,  as  in  Reeves,  Schmid,  and  Beckfeld. 

We  have,  then,  explosive  engines  ;  non-explosive  engines  with 
intermittent  combustion,  or  continuous  combustion  as  the  dif- 
ferent kinds  of  internal-combustion  engines. 

6.  The  exjilosive  engine  as  develojied  and  perfected,  chiefly 
by  Dr.  Otto,  holds  the  field  to-day,  and  its  very  general  use 
has  brought  out  its  merits  and  demerits.  It  has  been,  and  is 
to-day,  the  subject  of  many  researches  and  experiments,  all 
tending  to  perfect  it  by  the  discovery  of  its  faults.  All  this  has 
resulted  in  its  present  position,  which  might  be  summed  up  as 
follows : 

It  is  extremely  simple  in  construction,  having  comparatively 
few  working  parts. 
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The  thermal  changes  of  heating  and  expansion  are  all  per- 
formed in  the  same  place,  on  a  quiet  mass  of  gas,  and  nothing 
but  the  gas  is  heated. 

The  best  engines — those  of  rational  design — do  not  differ  much 
in  construction  and  results,  and  this  brings  out  an  important 
point — that  in  the  handling  of  a  mass  of  gas  to  be  exploded,  we 
accept  a  certain  inflexibility  from  which  we  cannot  escape. 

7.  As  a  machine,  it  cannot  compare  with  the  steam  engine. 
It  is  not  easy  to  start,  and  cannot  be  worked  at  widely  variable 
speeds ;  its  governing  is  bad,  the  speed  varying  at  different  points 
of  the  stroke,  but  adding  up  to  a  fairly  constant  total  number  of 
revolutions  per  minute  ;  it  has  no  margin  of  jiower  and  carries 
an  ignition  system  that  once  deranged  stops  the  machine  ;  it  is 
non-reversible ;  it  has  a  low  mean  effective  pressure  for  high- 
pressure  range,  hence  is  heavy ;  it  can  use  only  one  kind  of 
ixiel,  and  that  gas,  and  whether  this  be  produced  from  oil  or 
coal,  it  must,  nevertheless,  be  produced  outside  the  natural  gas 
regions.  It  cannot,  and  never  will  be,  able  to  use  crude,  unre- 
fined oils  directly ;  it  operates  under  only  one  fixed  cycle. 

8.  About  as  much  can  be  said  for  the  explosive  type  as  against 
it.  It  has  occupied  nearly  all  workers  in  the  internal-combus- 
tion field  for  the  past  thirty  years,  and  the  success  attained 
coutini^es  to  draw  to  the  problem  large  niTmbers  of  men  and 
an  immense  amount  of  capital,  and  these,  working  together, 
must  do  much  for  this  type  in  the  future.  But  while  this  good 
work  goes  on,  there  is  no  reason  why  the  other  types  of  internal- 
combustion  engines  should  not  receive  their  share  of  attention. 
Some  have  been  built  and  many  proposed;  some  were  successful 
and  some  failures  ;  but  a  careful  study  of  what  has  been  done 
successfully  and  the  cause  of  failure  of  the  unsuccessful  en- 
gines would,  if  no  more,  show  clearly  the  possibilities  of  this  type. 
If  the  difiiculties  are  clearly  set  forth,  the  solution  will  be  the 
easier,  and  if  in  the  study  of  the  difficulties  the  solution  appears, 
so  much  the  better. 

Of  the  successful  engines  of  the  non-explosive  type,  there 
may  be  mentioned  two  that  easily  head  the  list,  the  old  Bray- 
ton  and  the  modern  Diesel,  and  the  results  obtained  from  these 
machines  are  certainly  encouraging.  However,  before  entering 
into  a  discussion  of  the  various  non-explosive  machines,  it  would 
be  well  to  make  sure  of  our  theoretical  grounds. 

9.  The  different  cycles  of  operation  that  might  be  performed 
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on  a  mass  of  gas  are  infinite,  but  there  is  a  limited  number  which 
are  striking  and  simple.     These  are  given  below. 

Let  Fig.  67  be  a  pressure-volume  diagram  for  the  Cj'cle  I. 

Then  we  have : 

From  B  to  C.  Addition  of  heat  isometrically  from  atmos- 
pheric pressure. 

From  G  to  D.     Adiabatic  expansion  to  atmospheric  pressure. 

From  D  to  B.     Cooling  at  atmospheric  pressure. 


CYCLE.  I. 

V 

B. 

Fig.  67. 


In  Fig.  68  we  have  for  Cycle  lA.: 


From  B  to  C. 
pheric  pressure. 

From  C  to  I). 
pheric  pressure. 

From  D  to  E. 

From  E  to  B. 


Addition  of   heat  isometrically   from   atmos- 
Adiabatic  expansion  to  a  2>oint  above  atmos- 

Cooling  isometrically  to  atmospheric  pressure. 
Cooling  at  atmospheric  pressure. 

CYCLE  lA. 
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In  Fig.  69  we  have  for  Cycle  ID.: 

From  B  to  C.  Addition  of  heat  isometrically  from  atmos- 
pheric pressure. 

From  G  to  D.  Adiabatic  expansion  to  below  atmospheric 
pressure. 

From  D  to  E.  Cooling  isothermally  to  atmospheric  pressure. 

From  ^to  B.  Cooling  at  atmospheric  pressure. 


CYCLE  IB. 


In  Fig.  70  we  have  for  Cycle  IC: 

From  B  to  C.  Addition  of  heat  isothermally  from  atmos- 
pheric pressure. 

From  C  to  D.  Adiabatic  expansion  to  a  pressure  below 
atmospheric  such  that  we  get, 

From  D  to  B.  Cooling  isothermally  to  the  original  volume 
and  atmospheric  pressure. 


CYCLE  IC 


Fig.  70. 
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In  Fig.  71  we  have  for  Cycle  II : 

From   A   to    B.     Adiabatic   compression   from   atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isometrically. 

From  C  to  I).     Adiabatic  expansion  to  atmospheric  pressure. 

From  D  to  A.     Cooling  at  atmospheric  pressure. 


CYCLE  II. 


In  Fig.  72  we  have  for  Cycle  II A.: 

From  A  to  B.  Adiabatic  compression  from  atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isometrically. 

From  C  to  D.  Adiabatic  expansion  to  a  pressure  above 
atmospheric. 

From  B  to  I^.    Cooling  isometrically  to  atmosjjheric  pressure. 

From  J^  to  A.     Cooling  at  atmospheric  pressure. 


CYCLE  lA. 


Fifi.  72. 
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In  Fig.  73  M'e  have  for  Cycle  115.: 

From  A  to  B.  Adiabatic  compression  from  atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isometrically. 

From  C  to  D.  Adiabatic  expansion  to  pressure  below  atmos- 
pheric. 

From  D  to  K     Cooling  isothermally  to  atmospheric  pressure. 

From  £^to  A.     Cooling  at  atmospheric  pressure. 


CYCLE  WB. 


Fig.  T3. 

In  Fig.  74  we  have  for  Cycle  II C: 

From  A  to  B.  Adiabatic  compression  from  atmospheric  pres- 
sure. 

From  B  to  C.     Addition  of  heat  isometrically. 

From  C  to  D.  Adiabatic  expansion  to  a  pressure  below 
atmospheric  such  that  we  get, 


CYCLE  JIC. 


Fig.  74. 
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From  D  to  A.  Cooling  isothermalh'  to  the  original  volume 
and  atmospheric  pressure. 

In  Fig.  75  we  have  for  Cycle  III : 

From  A  to  B.  Adiabatic  compression  from  atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isopiestically. 

From  C  to  D.     Adiabatic  expansion  to  atmospheric  pressure. 

From  D  to  A,     Cooling  at  atmospheric  pressure. 


CYCLE  E 


In  Fig.  76  we  have  for  Cycle  III.^.: 

From  ^1  to  B.  Adiabatic  compression  from  atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isopiestically. 

From  C  to  D.  Adiabatic  expansion  to  a  pressure  above 
atmospheric. 

From  T)  to  E.     Cooling  isometrically  to  atmospheric  pressure. 

From  E  to  A.     Cooling  at  atmospheric  pressure. 


CYCLE  MA. 
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In  Fig.  77  we  have  for  Cycle  IIIB.: 

From  A  to  B.  Adiabatic  compression  from  atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isopiestically. 

From  C  to  D.  Adiabatic  expansion  to  a  pressure  below 
atmospheric. 

From  D  to  K     Cooling  isothermally  to  atmosphei'ic  pressure. 

From  -fi'to  A,     Cooling  at  atmospheric  pressure. 

CYCLE    UB 


Fig.  77. 


In  Fig.  78  we  have  for  Cycle  IIIC.: 

From  A  to  B.  Adiabatic  compression  from  atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isopiestically. 

From  C  to  D.  Adiabatic  expansion  to  a  pressure  below 
atmospheric  such  that  we  get. 

From  Z>  to  A.  Cooling  isothermally  to  the  original  volume 
and  atmospheric  pressure. 

CYCLE  mc. 


Fig.  78. 
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In  Fig.  79  we  have  for  Cycle  IV.: 

From   A    to  B.     Adiabatic   compression   from   atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isothermally. 

From  C  to  D.     Adiabatic  expansion  to  atmospheric  pressure. 

From  ii^to  A.     Cooling  at  atmospheric  pressure. 


CYCLE   IT. 


Pig.  79. 

In  Fig.  80  we  have  for  Cycle  TV  A.: 

From   A    to  li.     Adiabatic    compression    from   atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isothermally. 


CYCLF,   IV  A 


Ji'ia.  80. 
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From  C  to  D.  Adiabatic  expansion  to  a  pressure  above 
atmospheric. 

From  I>  to  E.     Cooling  isometrically  to  atmospheric  pressure. 

From  ^to  A.     Cooling  at  atmosjaheric  pressure. 

In  Fig.  81  we  have  for  Cycle  IVZ>.: 

From  A  to  B.  Adiabatic  compression  from  atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isothermally. 

From  C  to  D.  Adiabatic  expansion  to  a  pressure  below 
atmospheric. 

From  D  to  E.     Cooling  isothermally  to  atmospheric  pressure. 

From  E  to  A.     Cooling  at  atmospheric  pressure. 


CYCLE  IVB. 


Fig.  81. 


In  Fig.  82  we  have  for  Cycle  IV  C: 

From  A  to  B.  Adiabatic  compression  from  atmospheric 
pressure. 

From  B  to  C.     Addition  of  heat  isothermally. 

From  C  to  D.  Adiabatic  expansion  to  a  pressure  below 
atmospheric  such  that  we  get, 

From  D  to  ^4.  Cooling  isothermally  to  the  original  volume 
and  atmospheric  pressure. 

Besides  these  there  are  various  atmospheric  cycles — some- 
times called  vacuum  cycles— in  which  the  first  step  is  the  heat- 
ing of  the  entering  charge  at  atmospheric  pressure.  Because 
of  their  slight  importance  they  are  here  omitted. 
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CYCLE  IVC. 


Fi(i.  83. 


10.  A  very  careful  mathematical  analysis*  of  all  these  cycles 
leads  to  these  conchisions  : 

(^4)  Cycle  I.  aud  its  variations,  by  reason  of  its  poor  showing 
in  efficiency  and  mean  efiective  pressiire  as  compared  with  the 
previous-compression  Cycle  II.,  must  be  set  aside. 

(B)  The  atmospheric  cycles,  bj'  reason  of  their  low  mean 
effective  pressure  aud  consequent  large  vohime  range,  are  use- 
less for  power  purposes  as  compared  with  the  other  cycles. 

(C)  This  leaves  as  the  only  cycles  worthy  of  application,  II., 
III.,  IV.,  and  their  variations. 

{D)  Of  the  last  mentioned,  there  are  three  which  are  peculiar, 
and  these  are  :  Cycle  IIJ.,  Otto,  heating  and  cooling  the  gas 
at  constant  volume ;  Cycle  III.,  Brayton,  heating  and  cooling 
the  gas  at  constant  pressure,  and  Cycle  IVC,  Carnot,  heating 
and  cooling  the  gas  at  constant  temperature. 

All  these  have  the  same  efficiency  for  the  same  compression, 
and  should,  consequently,  with  the  same  heat  supjjlied,  do  the 
same  work. 

The  efficiency  of  each  is  given  by 

TA  K  -  1, 


F=l- 


where   F^  is  the  volume  before  compression, 
Fj      "  "       after  '" 

y       "        ratio  of  specific  heats,  and  for  air,  ;'  =  1.406. 
*  Columbia  School  of  Mines  Quarterly.  Nos.  1,  2,  3,  vol.  xxii.,  1901. 
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{E)  The  other  cycles,  II.,  117?.  and  C;  ILIA,  and  B.;  IV.; 
IV^.  and  B.,  can  easily  be  given  their  proper  comparative 
position  by  remembering  that  each  is  a  more  or  less  complete 
expansion  of  one  of  the  above  three.  For  examj^le,  if  in  the 
Otto  the  expansion  were  carried  to  atmosjsheric  pressure,  the 
efficiency  would  be  greater  than  for  the  Otto.  Similarly  with 
the  Carnot,  if  the  expansion  were  stopped  at  atmospheric  pres- 
sure as  was  first  suggested  by  Diesel,  the  resulting  Cycle  IV. 
would  have-  an  efficiency  less  than  the  Carnot,  and  hence  less 
than  either  the  Otto  or  Brayton  cycles. 

(^F)  The  other  variables  entering  have  the  values  tabulated 
for  each  of  the  cycles  adopted  for  comparison. 

(.  Same  mass  of  gas. 
Given  tlie  ■;  Same  beat  supplied  after, 
'  Same  compre.ssioD. 

There  will  result  for 

Cycle    \\A.,  Otto        ^ 

"     III.        Brayton  S  Same  work  done,  and  hence  same  efficiency. 
"      IVC.     Carnot     ) 

And,  further, 

Lowest.  Intermediate.  Highest. 

Maximum  temperature Carnot  Brayton  Otto 

Pressure  range ....     Braytou  Carnot  Otto 

Volume  range Otto  Brayton  Carnot 

Temperature  range Carnot  Brayton  Otto 

Mean  effective  pressure Carnot  Brayton  Otto 

Pressure  range  t>       *  r,         i.  /,ii 

— = — -r Brayton  Carnot  Otto 

Mean  etiective  pressure 

Mean  effective  temperature Carnot  Brayton  Otto 

The  relation  of  the  Diesel  to  the  Otto  and  Brayton  is  easily 
seen,  if  we  remember  it  as  an  imperfect  Carnot. 

11.  Some  of  these  variables  should  be  a  maximum  and  some 
a  minimum.  For  the  maximum  temperature  the  Carnot  holds 
first  place,  but  its  impracticability  yields  the  place  to  Brayton. 
Neither  pressure  range  nor  mean  effective  pressure  is  wanted 
by  itself,  but  only  the  ratio  between  them,  for  it  is  to  this  ratio 
that  the  weight  of  the  engine  must  be  approximately  propor- 
tional ;  here  Braytou  holds  the  most  favorable  place. 

Volume  range  should  be  low,  and  here  first  place  is  held  by 
the  Otto.  The  mean  effective  temperature  should  be  low,  and 
the  Brayton  is  exceeded  only  by  the  Carnot. 

The  low  mean  effective  pressure  of  the  Carnot,  and  all  other 
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isothermal  combustion  cycles,  is  sufficient  warrant  for  cutting 
tliem  out  of  consideration  in  comparison  with  the  Cycles  II., 
III.,  and  their  variations. 

We  have  thiis  arrived  at  the  conclusion  that,  theoretically, 
the  last-named  cycles  only  are  worthy  of  further  consideration. 

Of  these  the  Brayton,  III.,  holds  a  most  favorable  position, 
being  surpassed  by  the  Otto  only  in  the  position  of  volume 
range. 

12.  In  the  above,  the  hypothesis  that  heat  could  be  added  to 
the  gas  has  been  assumed,  and  no  account  taken  of  the  means 
of  so  doing,  but  this  point  needs  consideration.  If  heat  be 
added  through  walls  from  a  source  of  known  supply,  of  which 
we  can  control  and  use  as  much  or  as  little  as  we  please, 
there  will  be  no  alteration  in  the  formula  or  results  of  the 
analytical  comparison ;  but  the  internal-combustion  method  of 
heating  presents  some  new  questions  for  solution.  First,  the  air 
and  fuel  become  carbonic  acid,  steam,  etc.,  and  as  to  what  value 
of  the  specific  heat  should  be  used,  who  can  say  ?  Second,  the 
chemical  change  is  accompanied  by  an  intrinsic  volume  change. 
Third,  there  may  be  reasons  why  the  fuel  should  give  out  more 
heat  when  burned  in  one  way  than  when  biirned  in  another. 

13.  The  only  ways  of  heating  by  internal  combustion  that  are 
worth  anj^thing  for  power  are  the  constant  volume  and  constant- 
pressure  methods.  On  theoretical  grounds,  we  have  no  reason 
for  saying  that,  for  any  particular  system  of  combustion,  more 
heat  can  be  developed  one  way  than  the  other.  The  evidence 
that  heat  has  been  added  to  a  mass  of  gas  in  an  engine  is,  for 
the  two  cases :  {A)  an  increase  of  jn-essure,  and  (Z?)  an  increase 
of  volume.  This  pressure  increase  on  the  one  hand  and  vol- 
ume increase  on  the  other  we  can  readily  observe  by  indicators, 
and  the  results  of  these  observations  on  a  large  number  of 
indicator  cards  show  that  the  increase  is  not  what  it  should 
be  if  all  the  calorific  value  of  the  fuel  had  develojied. 

In  short,  there  is  in  practice  abundant  evidence  of  heat  supres- 
sion,  and  whether  this  be  due  to  radiation,  conduction,  dissocia- 
tion or  an  increase  of  specific  heat,  or  to  an  actual  non-production 
of  heat  is  unknown.  What  we  do  know  and  can  assert  is  that  the 
effects  on  pressure  and  volume  are  such  as  they  would  be  if 
only  a  part  of  the  heat  supposed  to  be  generated  liad  appeared. 
The  result  might  be  worked  up  to  give  a  new  value  to  the  heat- 
ing power  of  the  fuel,  to  be  called  its  effective  calorific  value,  or  a 
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new  value  given  to  the  specific  heat,  to  be   called  the  effective 
specific  heat  of  the  process. 

14.  For  constant-volume  combustion  we  have,  for  Hi,  the 
British  thermal  units  per  pound  of  mixture, 

Pi-  T,-'  ^  C,   Ti' 

where  pi  =  pressure  before  compression. 

Ti  —  temperature  before  combustion. 
P2  =  pressure  after  combustion. 
T2  =  temperature  after  combustion. 
Cp  =  specific  heat  at  constant  volume. 

This  ratio  in  the  general  run  of  gas  engines  will  average 
about  3.5.  In  some  cases  it  may  reach  4,  but  I  know  of  no  case 
where  it  has  reached  5.     Some  values  are  given  below : 

Engine.  «,  Remarks. 

Westinghouse 3      On  Qas 

Otto 4.0 N.  T.  Gas 

Hornsby  Ackroyd 3.5 Kerosene 

Nash 4      N.  y.  Gas 

Clerk 4      Glasgow  Gas 

Crossley 3      Dowson  Gas 

Priestman 3. 5 Kerosene 

Crossley  oil 3.5  Kerosene 

A  general  statement,  very  nearly  true,  would  give  these  pres- 
sure and  temperature  ratios  about  50  per  cent,  of  what  the  usual 
values  of  //,  and  C„  would  produce.  These  figures,  while  not 
strictly  true  for  any  one  case,  give  a  fair  average  value. 

15.  The  other  system  of  combustion — that  at  constant  pres- 
sure—may be  observed  in  the  same  way.  The  only  indicator 
card  I  have  of  this  type  of  engine  was  taken  from  a  Brayton  oil 
engine  with  its  smoky  fire.  The  volume  ratio,  in  this  case,  is 
quite  well  given  by  the  relative  lengths  of  the  delivery  line  of 
the  compressor  and  the  admission  line  of  the  power  cylinder, 
and  is  given  by 

^-  =  3.2. 

Vi 

Let  us  see  how  this  compares  with  the  pressure  ratios  given. 
Theoretically, 

^^  =  ^^  =  1  +      ■^■ 


Vi~  T^-^  ^  O^Ti' 
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where  Cp  is  the  specific  heat  at  constant  pressure  and  the 
other  symbols  are  as  heretofore  ;  combining  this  with  the  simi- 
lar one  for  the  other  type  we  get 

or  1^  =  1+  y  (-]  -  lY       Take  y  =  1.4 ;  and 


By  siibstitution,  when 

^1 

we 

get 

=  1. 

^-2 

" 

" 

Pi 

=  2.4. 

^  =  3, 

" 

" 

El 

=  3.8. 

-^  =  3.2, 

it 

" 

Pi 
Pi 

=  4.44. 

16.  This  shows  that  when  a  Bray  ton  engine  gives  a  volume 
ratio  in  combustion  of  3.2,  there  is  evidence  of  as  much  heat  as 
would  cause  a  pressure  ratio  of  4.44  in  an  exjDlosiou  engine ; 
hence  it  would  seem  that,  for  the  combustion  process  alone,  the 
Braytcm  engine,  even  with  its  poor  fire,  was  giving  evidence  of 
as  much  heat  as  the  very  best  explosion  engine,  and  more  than 
can  most  of  them.  This  point  is  verj'  striking,  and,  in  order  to 
verify  or  disprove  it,  a  large  mass  of  data  is  necessary,  which 
can  be  collected  only  after  considerable  time. 

The  above  point  bears  strongly  on  the  formulae  of  cyclic  com- 
parison. The  analysis  showed  that  the  Otto  and  Brayton  cycles 
must  have  the  same  efliciency  for  the  same  heat  added ;  but,  if 
one,  by  reason  of  its  system  of  combustion,  can  take  from  the 
fuel  more  heat  than  the  other,  then  that  one  must  have  the 
higher  efficiency. 

17.  All  non-explosive  internal-combustion  engines,  except  the 
atmospheric  types,  must  provide  for  three  stages :  first,  the  sup 
plying  of  working  gases,  which  are  derived  from  air  and  fuel, 
hence,  we  need  an  air  and  a  fuel  supply ;  second,  the  causing  of 
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the  combination  of  the  fuel  and  air  in  combustion  to  raise  their 
temperature,  and  thereby  vary  either  pressure  or  vohime  of  the 
gas,  as  we  desire ;  third,  the  utilization  of  the  hot  gases  thus 
produced  to  actuate  a  mechanism  by  the  action  of  expanding 
gas  on  a  moving  part. 

I.  The  air  and  fuel  sujjply  may  be  accomplished  in  any  of  the 
ways  known  to  and  accepted  by  engineers ;  the  results  cannot  vary 
much  with  changes  in  design  of  this  part,  since  compressors  and 
pumps  are  well-known  machines. 

II.  The  burning  of  the  fuel  in  the  air  supplied  offers  what  is 
probably  the  most  diificiilt  problem  for  solution.  Its  difficulty 
is  attested  by  the  variet}^  of  the  means  proposed  and  the  indif- 
ferent siiccess  of  those  that  have  been  tried.  When  solid  fuel 
was  used,  as  in  Cayley's  engine,  no  means,  without  great  compli- 
cation of  parts,  were  found  adequate  to  cope  with  the  smoke,  dust, 
and  distillation  of  gas  from  the  coal.  With  liquid  fuel.  Bray- 
ton  was  troubled  with  soot,  and  those  burners  which  have 
burned  clean  requii'ed  a  large  excess  of  air.  With  gas,  Brayton 
also  failed,  and  he  was  not  alone,  as  no  adequate  system  of  burn- 
ing gas,  when  enclosed  and  under  pressure,  had  then  l)een  pro- 
posed, the  trouble  being  not  so  much  in  getting  a  burner  to  work 
under  specified  conditions,  as  to  get  one  that  would  work  under 
wide  and  sudden  variations  of  feed  and  pressure. 

III.  The  utilization  of  the  hot  gases  has  been  successfully 
tried  in  cylinders,  and  rotary  machines  have  been  j^i'oposed,  in- 
cluding the  turbine  ;  though  none  have  appeared  on  the  market, 
it  is  inconceivable  that  there  can  be  any  serious  trouble  to 
be  anticipated  in  such  utilization.  The  reason  of  the  general 
failure  of  the  machines  proposed  is  probably  the  difficulty 
noted  above,  for  gases  at  high  temperature  are  used  every  day 
in  exploding  engines  with  the  greatest  ease.  All  of  these  non- 
explosive  engines  may  work  iiuder  any  one  of  several  cycles, 
depending  on  the  relation  between  the  last  two  processes — 
the  amount  of  heating  compared  with  the  amount  of  expansion 
permitted.  Here  is  an  important  point,  for  by  a  simple  control 
of  the  above  relations,  by  passing  air  around  the  fire  and  vary- 
ing the  cut-off  to  the  power  cylinder,  we  can  vary  the  cycle, 
hence  the  work  output ;  thus  an  engine  equipped  with  means  to 
do  this  would  be  able  to  work  at  all  loads  equally  well,  and  be 
able  to  piill  up  to  a  temporary  overload,  just  as  do  steam  engines. 
This  great  elasticity  of  action  is  beyond  comparison  with  the 
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rigidity  of  the  explosive  engine.  Moreover,  the  question  of 
available  fuel  agaiu  comes  up  ;  anything  that  will  burn  may  be 
used,  and  with  it  a  working  elasticity  obtained  — two  desirable 
results. 

Before  we  examine  the  details  entering  into  engine  construc- 
tion, let  us  look  at  some  of  the  comj)lete  macliines  that  have 
been  proposed  for  carrying  out  the  system,  dividing  our  study 
according  to  the  fuel  u-,ed,  taking  up,  first,  coal-burning  ;  second, 
oil-burning ;  and  third,  gas-burning  engines. 

■  •  Coal-hurninij  Eiujines. 

18.  The  first  working  engine  of  this  class  was  Cayley's  furnace- 
gas  engine.  The  air  was  forced  into  the  fire-box,  where  a  coal 
fire  was  maintained,  and  the  hot  gases  used  in  a  cylinder.  This 
engine  worked  on  what  has  been  called  the  Brayton  cycle. 
Kankine  says  of  it :  "  The  cj'linder,  piston,  and  valves  were  found 
to  be  so  rapidly  destroyed  by  the  intense  heat  and  dust  from  the 
fuel  that  no  attempt  was  made  to  bring  it  into  use." 

In  the  United  States,  Philander  Shaw  proposed  the  engine  of 
Figs.  83  and  84  in  1861.  Air  from  a  pump  cylinder  passes  more 
or  less  through  a  coal  fire,  becoming  heated  in  its  conversion,  and 
finally  with  increased  volume  working  in  a  larger  power  cylin- 
der. The  fire-box  is  provided  with  a  grate,  c,  and  is  lined  with 
brick  J  (¥\g.  83),  fuel  is  fed  through  /^(Fig.  84),  and  is  moved 
by  a  piston  head  g.  The  furnace  has  openings,  a\  below  the  grate, 
and  others,  a",  above  the  fuel.  Two  single-acting  cylinders  are  con- 
nected at  180  degrees  to  one  shaft.  Each  cylinder  is  in  two  parts : 
the  upper,  J,  is  finished  to  a  fit  with  piston  D  /  the  lower  part, 
B,  is  left  rough,  as  the  lower  part,  F,  of  the  piston  does  not  touch 
it.  The  top  of  the  piston  has  a  trunk,  C,  which  acts  as  an  air- 
pump  cylinder  with  the  main  cylinder  casing.  The  motion  of  the 
air  is  indicated  by  the  arrows,  and  the  proportion  tliat  enters  the 
fire-box  above  or  below  the  fuel  is  controlled  by  a  valve  r  (Fig. 
83).  The  heated  air  and  gaseous  products  of  combustion  pass 
into  the  cylinder  through  valve  2>,  and  the  exhaust  passes  out 
through  a  heater  for  incoming  compressed  air.  A  little  flange, 
.«,  is  placed  to  catch  dust  and  a  groove,  r,  for  oil. 

19.  All  parts  where  radiation  is  likely  to  occur  are  jacketed 
by  the  incoming  air.  The  woi-king  part  of  the  piston  fits  loosely, 
and  at  a  point  just  above  the  highest  position  of  its  bottom  is  an 


222 


THE   HEAT-ENGINE   TBOBLEM. 


THE    HEAT-ENGINE    TROBLEM. 


223 


annular  space  kept  filled  with  cool  air  to  prevent  overheating  of 
the  working  faces.  Governing  may  be  made  two-fold  :  first,  the 
amount  of  heat  added  to  the  air  can  be  regulated  by  sending 
more  or  less  through  the  fire  ;  and,  second,  the  power  may  be 
directly  controlled  by  the  main  cylinder  cut-off.  The  air  receives 
heat  really  from  one  source,  though  in  two  places — the  one  source 
being  the  fire,  and  the  two  places  the  exhaust-warmed  pre- 
heater,  or  regenerator,  and  the  fire-box.  A  hand  pump  is  pro- 
posed i;o  raise  the  internal  pressure  for  starting. 

20.  The  engine  proposed  by  Henry  Messer  in  1863  is  shown 
in  Figs.  85-87.      The  air  pump  is  double-acting,  and  the  power 


224 


THE   HEAT-ENGINE   PROBLEM. 


cylinder  single-acting,  hence  there  are  two  stages  :  1.  On  the 
down-stroke  air  is  compressed  and  heated  at  decreasing 
volume ;  2.  On  the  up  stroke  the  air,  previously  compressed 
and  heated,  is  sent  through  the  fire  and  thence  to  the  woi'king 
cylinder.  When  the  up-stroke  begins,  the  high-jjressure  gases 
in  the  reservoir  begin  to  expand  at  the  same  time  that  the  air 
in  the  pump  begins  to  increase  in  pressure,  and,  finally,  when 
the  increasing  pressure  in  the  pump  equals  the  decreasing  pres- 
sure in  the  receiver  the  second  cylinderful  of  air  becomQs  avail- 
able. In  its  passage  the  air  may  take  up  enough  heat  to  maintain 
p  constant,  T  constant,  or  neither ;  it  is  impossible  to  say,  hence 


Fig.  88. 


the  cycle  is  indeterminate.  Later  Messer  suggests  some  changes 
in  valve  construction  to  j^reveut  overheating,  also  in  governing 
by  throttling  between  the  fire  and  air  receiver. 

21.  Cyrus  W.  Baldwin  proposed  the  engine  of  Fig.  88  in  1865. 
The  engine  cylinder  has  between  its  upjjer  cool  part  and  lower 
hot  part  an  //-shaped  water  2:)assage  _/'  in  accordance  with  his 
belief  that  more  trouble  with  overheated  working  faces  will  be 
caused  by  heat  conducted  through  the  metal  cylinder  walls  than 
by  contact  with  the  hot  gases.  He  provides  for  distilling  gases 
from  the  coal  fii'e  by  supplying  an  auxiliary  fire  beyond  the  main 
furnace.  He  says :  "  Part  of  the  fuel  in  the  large  furnace  is 
changed  by  the  heat  therein  to  volatile  gases,  which  do  not  burn 
when  generated,  but  will  burn  if,  while  they  are  hot,  they  are 
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brought  into  flame.  To  supply  such  a  flame  through  which  all 
the  products  of  combustion  from  the  large  furnace  must  pass, 
a  small  furnace  is  supplied,  and  the  results  which  follow  its 
application  are  found  in  practice  to  be  highly  beneficial." 

22.  In  the    engine  of  L    A.  L.  Suderstriun,  18(59,    a  radical 
change  of  arrangement  is  proposed,  as  shown  iu  Fig.  89.     The 


Fig.  89. 


upper  part  of  the  cylinder  acts  as  the  compressor  and  sends  air 
down  and  around  the  casing,  the  air  passing  the  exhaust  reheat- 
ing coil  B.  After  this  reheating  by  contact  with  the  exhaust 
coil  the  air  is  sent  out  through  the  opening  yx  on  top  of  the  fire 
at  a,  the  top  combustion  helping  to  prevent  coking  and  distilla- 
tion, but  adding  trouble  from  dust  and  ash.  Governing  is  effected 
by  a  split  current  and  variable  cut-off. 
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23.  Thomas  M.  Fell  in  1880  proposed  a  very  interesting 
though  complicated  machine  (Fig.  90).  An  air  compressor,  C\ 
sends  air  through  the  pii^e  J/'  to  the  fire  at  A.  Exhaust  gases 
from  the  power  cylinder  ^1'  are  thrown  first  around  the  tubes 
D ',  and  then  around  the  water-cooled  tubes  E',  and  are  returned 
by  the  pump  H',  through  the  tubes  I)\  and  back  to  the  hot 
chamber  T  through  the  valve  //'.  Accumulation  of  gases  in 
the  closed  system  is  prevented  by  the  blow-off  G\  arranged  to 
maintain  a  constant  pressui'e  on  the  high-pressure  side  of  the 
system.     An  attemjat  is  made  to  keep  a  two-part  system,  one 


high-pressure  heating,  and  the  other  low-pressure  cooling.  This 
system  would  probably  give  the  resiilts  of  Cycle  lUC,  or  one 
somewhat  similar. 

24.  Hiram  S.  Maxim  in  1884  proposed  a  machine  as  shown  in 
Fig.  91.  Air  is  drawn  by  the  right-hand  side  of  the  piston  from 
the  space  A\  which  in  turn  gets  its  supjsly  from  the  atmosphere 
by  a  throttling  slide  T.  This  space  A^  has  a  diaphragm  B  so 
arranged  that' a  partial  vaciuim  will  cause  the  slide  valve  JVto 
by-pass  air  around  the  fire.  In  its  normal  operation,  or  when 
running  slowly,  most  of  the  air  passes  through  the  fire  and  is 
heated.  At  the  time  the  air  is  passing  into  the  receiving  cham- 
ber no  air  is  entering  the  working  side  of  the  cylinder.     Hence 
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tlie  lieating  of  the  air  cluriug  this  stage  must  take  place  at  de- 
creasing volume  aud  increasing  pressure.  When  this  is  iiuisLed, 
the  yalve  F  opens  and  gases  enter  on  the  impelling  side  of  the 
piston.  The  tendency  now  is  to  decrease  pressure,  but  air  in 
the  space  G '  will  pass  the  fire,  tending  to  uphold  pressure  ;  hence 
there  is  a  second  heating  at  uncertain  pressure,  giving  an  inde- 
terminate cycle. 

25.  Lucien  Genty  in  1893  proposed  the  engine  of  Figs.  92-94. 
This  engine  has  the  usual  single-acting  cylinder  with  elongated 


piston.  Air  is  drawn  from  a  chamber  under  tho  floor  to  obviate 
the  noise  of  suction.  The  air  thus  received  by  the  water-jacketed 
compressor  10  is  sent  through  the  valves  17  into  the  hollow 
bed  4,  and  thence  past  the  ribbed-coil  preheater,  here  to  be 
warmed  by  the  exhaust.  The  preheater  is  arranged  to  take  up 
expansion,  and  exhaust  gases  are  prevented  from  touching  the 
metal  by  brick  lining.  The  partly  lieated  air  enters  admission 
valve  36  by  pipe  35.  Valve  36  is  double  balanced,  and  held  to 
its  seat  by  a  helical  spring,  and  is  actuated  by  a  cam  on  the 
horizontal  shaft. 
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26.  The  valve  gear  is  arranged  to  govern  by  varying  the  open- 
ing of  valve  36.  A  weighted  piston  controller  I'egnlates  the  pro- 
portion of  air  admitted  to  the  two  passages  41  and  42  after  pass- 
ing the  admission  valve  36.  Thus  the  method  of  governing  is 
two-fold  ;  1,  by  a  variable  cnt-off  to  the  power  cylinder  and  com- 
bustion chamber,  and  2,  by  means  of  keeping  the  pressure  of 
the  air  admitted  initially  constant.  Passage  42  leads  above  the 
fire  and  41  below. 


The  combustion  chamber  is  a  cast-iron  funnel  lined  with 
brick,  enlarged  at  the  bottom  ;  the  coal  is  thus  burned  without  a 
grate.  The  lower  and  hottest  part  has  a  water-jacket,  49.  Means 
for  charging  and  cleaning  arc  provided,  and  a  ball-and-socket 
swivel,  57,  carries  a  stirrer,  58,  which  is  removable.  After  pass- 
ing the  admission  valve  and  reaching  the  fire,  the  air  is  first 
heated  and  afterwards  expanded  in  the  presence  of  the  fire  under 
the  piston.  The  motor  cylinder  is  of  two  parts  ;  the  lower,  72,  is 
lined  with  fire  clay,  the  upper,  74,  is  bored  true  and  water- jack- 
eted. The  lower  part  of  the  piston  has  air-cooling  ribs,  Tfi,  and 
the  rod  is  rigidly  connected  to  the  yoke  78,  leaving  no  lubri- 
cated joint  within  the  piston.     The  piston  fits  loosely  in  parts 
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75  and  78,  and  tight  in  part  74.  Besides  having  the  -water- 
jacket  on  this  part  it  may  be  further  protected  from  heat  and 
dust  by  a  groove,  feeding  air  down  to  the  combustion  chamber  ; 
to  do  this  air  is  provided  by  a  small  pump  on  the  piston  at  89. 
A  flexible  pipe  provides  water  to  cool  the  piston  interior. 

27.  After  being  heated  and  exj^anded  the  gases  are  discharged 
through  the  self- cleaning  valve,  110.  This  valve  is  hollow  and 
water-cooled,  as  is  also  its  casing,  116.  Compressed  air  seats 
the  valve,  and  mechanism  raises  it.     Injury  from  sparks,  etc.,  is 


prevented  by  drawing  the  valve  up  in  its  sleeve  casing.  To  pro- 
tect the  seat  it  is  made  narrow  and  cleaned  by  escaping  air. 
Exhaust  gases  are  discharged  through  the  regenerator,  or  pre- 
heater.  This  machine,  though  very  complicated,  presents  many 
suggestions  that  may  be  of  value. 

It  will  be  observed  that  the  combustion  of  coal  calls  for  a 
great  complexity  of  parts  and  functions,  and  this  must  be  so. 
We  have,  as  one  of  the  greatest  troubles,  the  impossibility  of 
regulating  the  heating  power  with  time  of  a  coal  fire,  and  there 
is  the  inevitable  dust  and  ash.     This  makes  the  use  of  oil  and 
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gas  with  tlie  necessarily  simplified  apparatus  almost  mandatory 
in  internal-combustion  engines,  especially  those  of  moderate  size. 
While  here  we  should  have  none  of  the  coal  troubles,  we  will 
meet  others  incidental  to  the  feeding  of  fuel  as  it  is  required, 
and  only  for  the  instant  that  it  is  required. 

Oil-hurning  Engines. 

28.  In  1865  Stephen  Wilcos,  Jr.,   proposed   an   oil-burning 
engine,  shown  in  Fig.  95.     He  said,  "  The  extraordinary  develop- 


ment of  what  is  known  as  petroleum  oil  and  the  several  prod- 
ucts obtained  therefrom,  makes  it  practicable  to  produce  and 
work  very  small  engines  on  this  plan." 

A,  the  working  cylinder,  and  a),  the  pump,  differ  in  no  part 
from  what  we  have  seen  in  the  coal-burning  engines.  The 
means  for  feeding  and  biirning  the  oil  are,  however,  new  and  of 
especial  interest.  Fuel  is  fed  from  an  elevated  tank,  1,  through 
]iipe  2  ;  the  interior  pressure  of  the  furnace  is  balanced  on  the 
surface  of  the  oil  by  pipe  3.  A  stop-cock,  4,  is  provided,  which 
is  arranged  to  shut  off  oil  by  a  piston  and  links,  when  the 
furnace  pressure  exceeds  what  is  desired ;  this  serves  to  govern 
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the  machine.  Oil  flows  into  a  vaporizing  reservoir,  12  having 
lugs,  13  to  conduct  heat  from  above.  The  upper  part  of  this 
reservoir  is  cylindrical  and  provided  with  holes,  10,  and  fitted 
■nith  a  loose  part,  11,  with  inclined  top  and  a  hole  in  the  centre 
matching  the  movable  jiin,  14,  actuated  by  the  governor.  This 
pin  and  hole  act  to  close  the  vapor  outlet.  The  special  con- 
struction of  the  burner  is  intended  to  give  a  constant  velocity  of 
efflux  to  the  vapor. 

This  combustion  mux  be  classed  as  the  burning  of  a  jet  of 
vapor  in  an  atmosphere  of  air,  the  air  about  the  flame  being 
kept  fresh  only  by  convection. 

Governing  is  effected  by  a  double  means ;  the  fly-balls  act  to 
shut  off  vapor  and  increase  of  pressure  cuts  off  the  fuel. 


29.  A.  H.  De  Villeneure  in  1872  jjroposed  an  engine  in  which 
he  provided  a  combustion  chamber,  having  a  platinum  rose,  /> 
(Fig.  96',  on  which  impinge  jets  of  oil  vapor  from  h  and  air  from 
m  provided  by  pumps.  He  thus  expects  to  obtain  a  combustion 
to  heat  the  mixture. 

George  B.  Braj-tou  in  1872  proposed  and  V)uilt  an  engine  that 
was  very  complete  and  fairly  successful.  Fig.  97  is  a  general 
view  and  Fig.  98  his  oil  burner. 

Air  is  compressed  in  the  single-acting  pump,  which  has  a  vol- 
ume one-half  that  of  the  power  cylinder.  The  compressed  air 
passes  from  the  constant-pressure  receiver  through  pipe  />  and 
over  the  absorbent  material  o,  through  which  the  fuel  is  fed  by 
a  pump  Here  it  takes  up  vapor  and  the  mixture  passes  the 
wire-gauge    grating    and   into   the   cylinder,    where   it   burns. 
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Meaus  are  provided  to  prevent  entirely  sLuttiug  off  the  air  from 
the  power  cylinder,  and  thns  there  is  kept  constantly  burning  a 
small  flame  which  increases  for  the  jiower  stroke.  Governing 
is  effected  by  a  variable  cut-off  to  the  power  cylinder. 

The  power  cylinder  is  water  jacketed,  and  no  trouble  is  ex- 
perienced through  overheating  A  safety  valve  is  ]>laced  on 
the  reservoir. 


Fifi.  il8. 
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30.  Joseph  Hirsch,  iu  1874,  proposed  the  engine  shown  in 
Fig.  99.  An  air  pump,  L,  supplies  air  to  a  cylinder,  //,  to  take 
the  place  of  converted  air  which  is  periodically  expelled ;  ./  is  a 
regenerator  connecting  the  two  cylinders,  A  and  H ;  N  is  a 
water  chamber  for  cooling  gases.  Fuel  is  injected  at  B^.  When 
the  piston  C  moves  down,  air  from  G  is  sent  over  through  the 
regenerator,  partly  heated  here  and  then  further  heated  by 
fuel  at  B'.  On  the  ujD-stroke  the  products  of  combustion  pass 
over  the  regenerator  to  //,  being  thus  doubly  cooled,  first  by 
the  regenerator  and  second  by  the  injected  water.  Part  of  the 
products  of  combustion  escape  at  Ic  and  are  rejjlaced  by  fresh 
air.  No  means  for  ensuring  the  combustion  of  fuel  in  the 
atmosphere  of  air  and  products  of  combustion  are  provided. 


31.  Stephen  Wilcox,  in  1885,  proposed  the  eugme  of  Figs.  100 
and  101.  The  power  cylinder,  A.  is  double-actiug  and  tandem- 
connected  to  an  air  compressor,  B.  Plates  of  non-conducting 
material  are  applied  to  piston  and  cylinder  heads  to  keep  the 
gases  admitted  as  hot  as  possible.  Cylinder  walls,  where  lubri- 
cation is  necessary,  are  water-jacketed,  and  water-cooled  rocking 
valves  of  the  Corliss  type  are  provided  ;  air  is  sent  to  the  exhaust 
preheater  C  from  the  pump  before  passing  to  the  power  cylinder, 
and  is,  therefore,  first  warmed  and  later  heated  by  combustion, 
in  its  passage  over  the  gauze  grating,  S!,  where  it  meets  the 
liquid  fuel.  The  valve  mechanism  permits  varying  the  cut-off 
and  reversing. 

A  reciprocating  tube  carrying  a  lamp  works  in  each  port  r 
and  serves  as  an  igniter  in  connection  with  an  exterior  relighter. 
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Tlae  receiver  is  first  charged  with  air  by  a  hand-pump,  and  a 
little  fuel  s'^'ut  to  the  burner  by  hand.  Valve  24  in  the  escape 
pipe  22  is  closed  and  a  torch  applied  to  the  burner  through  ir. 
The  engine  may  now  be  started  by  opening  the  main  stop-valve, 
28,  and  automatic  action  begins. 

32.  Rudolph  Diesel,  in  1892,  proposed  the  oil-burning  motor 
shown  in  Fig.  102,   A  single-acting  cylinder  6' carries  the  plunger 


Fig.  100. 

P,  air-valve  V,  and  fuel-valve  T>.  High  compression  of  the  air 
is  followed  by  fuel  injection  and  later  by  expansion.  The  tem- 
j^erature  developed  by  the  compression  must  be  sufficient  to 
ignite  any  fuel  thrown  into  the  air.  Later  engines  vary  some- 
what in  detail,  but  the  principle  ot  operation  is  the  same. 
Gaseous  and  powdered  solid  fuel  can  also  be  used. 

It  is  obvious  that  the  quantity  of  fuel  injected  per  stroke  will 
determine  the  cycle.     If  only  sufficient  is  admitted  to  keep  7' 


THE    HEAT-ENGINE   PROBLEM. 


235 


constant,  we  have  Cycle  IV.,  or  some  of  its  variations  ;  if  enough 
heat  results  to  keep  j)  constant  during  combustion,  we  have 
one  of  the  Cycles  III. 

33.  B.  V.  Nordberg  and  C.  E.  Shadall  proposed  in  1895,  not 
a  complete  engine,  but  a  system  of  operating  engines  by  internal 
combustion  ;  the  apparatus  is  shown  in  Fig.  103.  The  products 
of  combustion  are  to  be  used  in  any  way  deemed  advisable. 


Fig.  101. 


A  source  of  air  supply  and  means  for  using  the  products  are 
assumed.  Oil  is  fed  from  a  tank  B  by  water  displacement,  the 
same  water-jacketing  the  combustion  chamber  C.  This  com- 
bustion-chamber jacket  may  add  steam  to  the  products  at  Cj. 
The  air  ciirrent  from  the  compressor  acts  (1)  on  the  surface  of 
the  water  A ;  (2)  at  the  oil  atomizer  E ;  (8)  at  the  lamp  I;  and 
(4)  with  reduced  pressure  at  the  opening  c  in  the  burner.     The 
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atomizer  is  fed  with  oil  through  the  pipe  h,  and  the  float  h^  pre- 
vents, by  proper  specific  gravity,  an  overflow  of  water.  The  oil 
passes  up  to  the  nozzle,  where  it  meets  an  air  current  and  is 
there  sprayed  into  the  chamber  6";  the  spray  meeting  a  flame 
jet  fi'om  the  lamp  at  )'  in  an  atmosphere  of  air  pi-ovided  through 
c,  is  enabled  to  burn.   Increased  pressure  cuts  ofi'  the  oil  supply. 


Fig.  103. 


Gas-hurtling  Erujines. 

34  The  operation  of  engines  of  the  class  we  are  considering 
by  a  gas  combustion  oft'ers  what  would  seem  to  be  the  simplest 
solution,  but  in  reality  the  difficulty  is  much  greater  thau  miglit 
be  supposed.  Of  cour.se,  no  trouble  will  be  experienced  with 
dust,  vaporizing  of  oil,  or  soot  from  imperfect  oil  combustion, 
but  there  appears  the  difficulty  of  finding  a  burner  which  will 
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completely  consume  tlie  gas  witliout  excess  of  oxygen  under  the 
widest  possible  range  of  conditions.  The  engines  proposed 
differ  chiefly  in  the  means  proposed  for  accomplishing  this  gas 
combustion. 

Stephen  Wilcox,  in  1865,  proposed  the  machine  of  Fig.  104. 
Air  and  gas  are  supplied  through  pipes  K  and  J  from  feed- 
pumps G  and  //to  burnerj,  and  the  mixture  is  ignited  at  li. 
When  the  gas  is  to  be  supplied  by  vaporizing  oil,  the  exhaust- 
heated  vaporizer  N  is  introduced.  A  is  the  power  cylinder,  B 
a  changing  cylinder,  and  /'  a  regenerator.  When  h  descends,  the 
valve  B[  allows  cold  air  to  fill  the  top  of  B  ;  this  air,  on  the  up- 


stroke, moves  through  the  regenerator  and  burner,  which  at 
this  time  delivers  its  mixture  ;  this  double  heating  raises  the 
pressure  in  the  sj'stem,  and  the  piston  rises.  Then  both  de- 
scend and  exhaust  some  gases  into  /■'.  The  engine  is  thus  oper- 
ated not  solely  through  the  heating  of  products  of  combustion, 
but  by  the  heating  of  a  mixture  of  these  gases  with  pure  air. 

35.  Albert  Schmid  and  J.  C.  Beckfeld  proposed,  in  1889,  the 
system  of  obtaining  hot  gases  through  internal  combustion  of 
air  and  gas  by  the  apjjaratus  of  Fig.  105.  Gas  and  air  are  sup- 
plied by  pumps  to  tanks  A  and  G;  they  are  mingled  in  an 
injector  chamber /S'";  thence  passing  through  the  perforations  f, 
they  are  burned  at  S.     To  maintain  a  difference  of  pressure  in 
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the  tanks  and  combustion  chamber  a  relief  valve  0,  controlled 
by  a  diaphragm,  is  provided.  To  dilute  the  products  of  com- 
bustion and  reduce  their  temperature,  a  pipe  L  conducts  fresh 
air  to  the  mixer  A''.     Electric  ignition  is  suggested. 

Later,  another  arrangement,  shown  in  Fig.  106,  was  suggested. 
Here  a  long  perforated  brick  ''-'is  inserted  to  aid  combustion 
and  act  as  a  reigniter.  A  receiving  reservoir,  is  added,  to  which 
the  blow-ofl'  is  attached.  An  igniting  plug  T'  of  coke  or  carbon 
is  also  added. 

In  Fig.  107  is  shown  an  addition  of  a  steam  boiler  with  an  ex- 


FiG.  105. 


haust  gas  feed-water  heater.  The  boiler  is  to  be  used  in  start- 
ing with  an  ordinary  external  combustion  fire-box,  and,  later, 
enclosed,  mixing  the  steam  and  products  of  combiistion. 

36.  Herman  Schumm,  in  1895,  suggested  the  engine  of  Figs. 
108  and  109,  which  offers  some  novelty.  A  is  the  engine  cylinder, 
B  the  piston,  C  an  inlet  for  combustible  mixture,  B  an  inlet  for 
pure  air,  and  E  the  exhaust  valve.  An  electric  igniter,  /,  is 
provided,  and  a  gauze  diaphragm,  r/,  prevents  back  flash.  Air 
is  compressed  by  the  pump  and  stored  in  G,  gas  similarly  com- 
pressed by  //.  Air  is  admitted  tlirough  D  until  the  piston  has 
moved  out  a  short  distance  and  then  cut  off;  at  the  same  time 
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the  air  and  gas  mixture  is  admitted  through  C  and  ignited,  the 
combustion  operating  on  the  gauze  until  the  mixture  is  in  turn 
shut  off,  when  adiabatic  expansion  begins. 

37.  Sydney  A.  Eeeve,  in  1897,  proposed  the  apparatus  of  Fig. 


3^pCp 


110  to  obtain  by  internal  combustion  working  gases  to  be 
used  in  an  engine.  He  lays  stress  on  two  points  :  one,  re- 
lating to  the  combustion,  that  the  proportions  of  fuel  to  air 
shall  not  materially  vary ;  and  the  other,  the  reduction  of  the 


Fio,  107. 


temperature  before  sending  the  products  of  combustion  to  the 
engine. 

Both  air  and    fuel   are  to  be   supplied  by  separate  pumps, 
and  the  proportions  regulated  by  maintaining  the  pressures  in 
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the  two  receivers,  G  and  C,  equal  by  water  seal  and  float  valve, 
and  by  passing  these  gases  of  equal  pressure  through  a  double- 
ported  valve  I)  of  proper  areas.  The  pressure  in  0  is  controlled 
by  that  in  C\  and  that  in  C  kept  above  that  in  the  combustion 
chamber  by  the  loaded  check  G.  This  also  permits  mixing 
fresh  air  with  the  products  of  combustion  if  more  than  is 
wanted  for  combustion  is  available. 

The  products  of  combustion  pass  through  water  so  supplied  as 
to  keep  a  given  quantity  always  on  hand  and  at  the  boiling  point 


iv^^\V\\^v\vv^^^v^v'vw\w\v-Ra 


Fig.  108. 


corresponding  to  the  pressure,  so  that  the  hot  gases  will,  in  part- 
ing with  their  heat,  evaporate  water  and  be  themselves  cooled  to 
the  temperature  of  saturated  steam  at  their  pressure.  Of  course, 
any  feed-water  supplied  must  be  heated  before  evaporation,  but 
this  only  has  the  effect  of  decreasing  the  rate  of  evaporation 
without  stopping  it. 

Another  device  proposed  for  equalizing  pressures  in  the  air 
and  gas  receivers  is  to  let  fuel  pass  through  a  flexible-walled 
bag  suspended  in  the  air  tank. 

38.  The  cooler  and  burner  might  also  be  arranged  as  shown 
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in  Fig.  111.  The  regulator  valve  has  a  spring-balanced  dia- 
phragm, -l,  which  actuates  a  similar  plunger,  G,  by  rod  5,  the 
plunger  moving  in  a  perforated  sleeve.  Gas  enters  through  tube 
12  in  the  centre  and  air  through  10,  the  mixture  passing  an 
igniter  at  b.  A  liquid  seal  is  provided  here  for  maintaining  a 
decrease  of  pressure  between  supply  and  discharge  valves. 

39.  Lucius  T.  Gibbs,  in  1897,  proposed  a  system  (Fig.  112),  in 
which  the  motive  power  shall  be  air  admitted  to  the  power 
cylinder  from  a  source  under  jiressure,  and  when  the  pressure 
after  cut-off  has  become  so  far  i-educed  as  to  reach  that  of  a 


Fig.  110. 


^'  H,  C* 


stored  mass  of  gas  maintained  lower  than  the  air  supply,  the 
gas  will  enter  and  be  ignited,  thus  tending  to  keep  up  the  pres- 
sure during  the  expansion.  Thus  the  adiabatic  will  be  raised 
to  perhaps  an  isothermal  or  higher. 

40.  If  we  would  trace  any  line  of  progress  through  these 
machines,  we  could  not  make  our  division  according  to  the  fuel 
used,  as  at  times  engines  burning  all  kinds  of  fuels  have  been 
suggested  simultaneously.  To  be  sure,  before  the  possibilities 
of  petroleum  were  known,  the  principal  fuel  was  coal,  and, 
naturally,  in  early  engines  coal  fires  predominate ;  though  it 
would  seem  that  they  would  gladly  be  dropped  for  oil  and  gas, 
yet  they  were  not,  and  continue  to  appear  from  time  to  time. 
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There  is  a  division,  however,  in  the  stages  of  progress  that  is 
significant,  as  showing  how  strong  is  the  influence  of  the  known 
and  tried  on  the  proposals  of  apparent  novelty.  The  old  so- 
called  hot-air  engines  of  the  Ericsson  type  had  a  mass  of  air 


enclosed,  and  means  were  provided  for  heating  and  cooling  the 
same  mass  without  exhausting,  the  heat,  of  course,  being  sup- 
plied through  walls  from  an  outside  fire.  So  we  find  the  earlier 
internal-combustion  engines  working  on  a  system  only  slightlv 
different  from  the  above.     There  is  a  mass  of  gases  enclosed, 
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aud  meaus  for  transferring  them  from  a  liot  part  to  a  cold  part, 
and  so  varying  their  internal  pressure,  but  the  hot  part  is  here 
provided  for  not  by  a  hot  j^late,  but  by  a  short  flame  injection, 
or  passage  over  a  fire.  The  ojje  ration  was  to  depend  chiefly  on 
the  alternation  of  hot  and  cold  in  the  same  mass. 

'11.  Later  this  system  was  developed  by  injecting  more  and 
more  fuel,  or  by  causing  the  mass  to  j)ass  entirely  through  the 
fire,  necessitating  more  fresh  air  for  the  next  time  and  calling 
for  an  exhaust ;  finally  we  have  a  regular  admission  and  exhaust, 
the  gases  passing  continuously  in  the  same  direction,  and  no 
alternation  of  heating  aud  cooling  being  attempted  in  the  sys- 
tem.    Any  cooling  that  is  to  to  take  place  must  occur  outside 


the  machine  in  the  atmosphere,  and  the  resiilting  contraction 
of  the  gases  forms  no  part  of  the  working  cycle. 

■42.  The  engines  presented  represent  by  no  means  all  of  those 
suggested,  but  are  selected  from  a  very  large  number  to  show 
the  principal  ideas  advanced  in  the  past.  By  studj-ing  them  we 
can  reach  an  understanding  of  what  points  may  be  accejsted  as 
solved,  and  what  are  still  open  for  discussion  and  research. 

It  will  lie  observed  that  these  non-explosive  internal-combu.s- 
tiou  engines  maj-  be  divided  into  (I.)  intermittent  internal  com- 
bustion, as  in  Genty's,  Brayton's,  Wilcox's,  Diesel's,  etc.,  in 
which  the  air  and  ixiel  pass  the  power-cylinder  valves  before 
combustion ;  and  (II.)  continuous  internal  combustion,  as  sug- 
gested by  Schmid  and  Beckfeld,  Beeve,  and  Nordberg  and 
Shadall,  in  which  the  hot  gases  are  continuously  produced,  and 
afterward  utilized  by  passing  through  valves  to  the  power 
cylinder,  or  by  expanding  through  a  turbine  without  valves. 
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43.  Different  ways  of  doing  the  same  thing  by  varying  details 
have  been  advanced,  and  it  may  be  well  to  bring  these  together 
in  some  cases  for  comparison. 

Cylinders  : 

Both  single  and  donble  acting,  jacketed  and  unjacketed  ai'e 
found.  Air  and  power  cylinders  may  be  independent,  or  the 
two  operations  of  compression  and  expansion  performed  in 
ojjposite  ends  of  the  same  cylinder.  When  this  is  done,  the 
cylinder  may  be  of  the  same  diameter  throughout,  or  reduced 
at  one  end.  Independent  cylinders  have  been  connected  by 
beam,  separate  cranks  on  the  same  shaft,  and  in  tandem.  In 
most  of  the  intermittent-combustion  type  the  .piston  fits  a  part 
of  the  cylinder  only,  and  is  loose  in  the  hot  end  ;  in  this  case, 
heat  is  prevented  from  reaching  the  working  faces  by  prolong- 
ing the  piston,  and  by  blowing  cold  air  or  steam  down  around 
the  loose  part  toward  the  hot  end. 

4i.  Igniters : 

With  engines  using  oil  or  gas,  where  combustion  may  be 
entirely  interrupted  for  a  time,  some  form  of  relighter  must  be 
provided.     This  may  be 

I.  A  plate  heated  by  an  external  jet  from  outside.    Nordberg. 

II.  A  platinum  rose,  with  mixture  impinging.     Villeneure. 

III.  High  temperature  of  compression.     Diesel. 

IV.  A  plate  or  wire  electrically  heated.     Wilcox. 

V.  Introduction  of  incandescent  solid.    Schmid  and  Beckfeld. 

VI.  Electrodes  with  spark  gap.     Babcock. 

VII.  Introduction  of  auxiliary  flame  continuously.  Nordberg 
and  Shadall. 

VIII.  Introduction  of  auxiliary  flame  intermittently.    Wilcox. 

IX.  Constant-burning  flame  in  cylinder.     Brayton. 
45.  Use  of  water  : 

I.  In  compression  to  cool  air. 

II.  To  be  evaporated  by  products  of  combustion  by  contact 
and  adtling  steam  produced. 

III.  To  cool  expanded  gases  and  produce  partial  vacuum. 

IV.  To  cool  hot  parts  and  be  discharged. 

V.  To  cool  hot  parts  and  add  steam. 

VI.  In  an  internally  fired  steam  boiler,  which  may  act  as  a 
starter. 

VII.  As  a  jacket  to  hot  parts,  the  steam  used  in  a  separate 
cylinder. 
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VIII.  As  an  annular  jDistou  cooler  to  prevent  contact  of  hot 
gases  with  working  face  of  cylinder. 

46.  Methods  of  governing  : 

I.  Tlirottliug  air  intake. 

II.  Throttling  jjassage  between  the  air  and  power  cylinders. 

III.  Varying  cut-off  at  power  cylinder  inlet. 

IV.  Varying  combustion  chamber  pressure  by  fuel  cut-oflf. 

V.  Varying  internal  pressure,  by  splitting  the  air  from  the 
compressor  and  sending  more  or  less  of  it  through  or  around 
the  fire. 

VI.  Varying  internal  pressure  by  blow-off. 

VII.  Combination  of  varying  initial  pressure  to  power  cyl- 
inder, and  varying  cut-off  to  same. 

VIII.  By  throttling  the  exhaust. 

47.  Preheating  and  regeneration  : 

A  heating  of  the  air  after  compression,  and  before  reaching 
the  fire,  will  insure  a  good  combustion,  and  if  this  is  done  by 
exhausted  heat,  it  aids  the  economy  of  the  engine. 

I.  Causing  the  air  approaching  the  fire  to  first  surround  the 
fire-box  as  a  jacket. 

II.  Causing  exhaust  and  compressed  air  to  pass  on  ojDposite 
sides  of  a  plate. 

III.  Alternately  sending  fresh  air  and  exhaust  through  the 
same  chamber,  which  must  then  be  present  in  duplicate. 

IV.  Combination  of  exhaust  regenerator  and  fresh  air  fire-box 
jacket. 

48.  Fiiel  feed : 

Coal  may  be  fed  by  any  automatic  stoker,  and  from  above, 
below,  or  the  side  ;  we  will  omit  these. 

I.  Oil  by  gravity,  cut  off  by  internal  pressure. 

II.  Oil  by  pump,  ciit  off  by  by-pass. 

III.  Oil  by  water  displacement,  cut  off  by  internal  pressure. 

IV.  Oil  by  injector  suction. 

V.  Gas  by  pump. 

49.  Gas  and  oil  burners  : 

I.  Air  and  gas  fed  from  opposite  openings,  jets  impinging. 
Wilcox,  Reeve. 

II.  Air  and  gas  fed  through  separate  openings,  the  jets  mix- 
ing by  impact  with  platinum  rose.     Villeneure. 

III.  Air  and  gas  mixed,  fed  through  simple  opening.  Bab- 
cock. 
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IV.  Air  and  gas  mixed,  fed  througli  gauze  screen.  Brayton, 
Scliumm. 

V.  Air  and  gas  mixed  by  injector  at  burner,  passing  through 
openings  into  larger  chamber,  and  products  through  openings 
similar  to  first,  but  larger  in  area.     Sclimid  and  Beckfeld. 

VI.  Volatile  oil  vaporized  by  heat  of  burner  burning  in 
atmosphere  of  aii\     Wilcox. 

VII.  Volatile  oil  vaporized  by  falling  on  hot  plate  in  atmos- 
phere of  air.     Schmid. 

VIII.  All  kinds  of  oil  sprayed  into  atmosphere  of  air. 
Nordlierg  and  Shadall. 

IX.  Volatile  oil  dropped  on  grating,  where  it  meets  air,  the 
mixture  biirning  on  one  side.     Brayton,  Wilcox. 

X.  Hot-air  atmosphere  for  an  injection  of  fuel.     Diesel. 
50.  Mixers  and  proportioners  : 

I.  Mix  at  burner,  proportions  maintained  only  by  pump  of 
proper  size. 

II.  Pass  air  through  volatile  oil  kept  at  fixed  temjjerature  by 
exhaust. 

III.  Mix  at  biarner,  proportions  maintained  by  pumps  of 
proper  size,  aided  by  a  device  to  feed  both  j^umps  at  constant 
pressure. 

IV.  Proportions  maintained  by  {a)  movable  partition  between 
air  and  gas  receivers,  to  keep  pressures  equal,  and  [b)  jiroper 
double  valve  at  the  discharge. 

V.  Mix  at  injector,  with  no  special  device,  for  proportioning. 
Position  of  fire  : 

I.  Directly  under  piston. 

II.  At  side  of  cylinder ;  each  end,  when  double  acting. 

III.  In  separate,  continuously  ojierated,  highly  heated  cham- 
ber. 

Cycles : 

Nearly  every  cycle  of  operations  can  be  followed.  Engines 
that  take  air  in  one  side  of  the  cylinder  and  send  it  around  to 
the  other  side,  and  those  with  two  pistons  moving  in  difierent 
directions,  causing  a  change  of  position  of  the  air  only,  will  give 
a  constant-volume  combustion,  and  whether  the  engine  follows. 
Cycle  II.,  11  A.,  B,  or  C  will  depend  on  the  amount  of  exjjansion 
permitted.  Engines  feeding  the  cylinder  with  a  flame  may  have 
a  constant-temperature,  or  constant-pressure  combustion,  de- 
pending on  the  fuel  used  ;  hence  III.  or  IV.,  with  all  their  varia- 
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tions,  are  possible.  Those  engines  that  maintain  a  constant 
pressure  in  the  combustion  chamber  will  follow  III.,  or  some  of 
its  variations — which  one,  will  be  determined  largely  by  the  cut- 
off.    A  turbine  system  would  follow  III.  most  nearly. 

51.  Of  the  engines  considered,  and  the  much  larger  number 
not  mentioned,  not  one,  except  the  Diesel,  is  on  the  market  to- 
day. This,  with  some,  would  be  a  sufficient  argument  to  con- 
demn the  whole  system,  but  a  little  study  will  show  that  the 
trouble  is  nearly  always  in  the  same  place,  and  a  little  persever- 
ance is  all  that  is  necessary  to  remedy  the  defect.  Much  more 
difficult  problems  than  this  have  been  solved  successfully,  but 
there  was  first  necessary  a  recognition  of  the  ti'ouble  and  a  good 
reason  for  spending  time  and  money  to  overcome  it. 

The  compressing  of  air  is  no  new  problem,  and  the  using  of 
hot  gases  is  done  every  day  in  thousands  of  horse-power  of  ex- 
plosion engines,  so  that  these  two  parts  of  the  engine  may  be 
considered  solved,  leaving,  as  the  only  doiibtful  essential,  the 
fire,  and  here  is  the  seat  of  most  of  the  trouble. 

5'2.  The  old  engines,  like  Cayley's,  using  coal,  were  found  to 
cut  with  ash,  etc.;  but,  nevertheless,  when  everything  was  right, 
they  ran  and  gave  a  good  account  of  themselves.  In  the  natural 
order  of  things,  Brayton  appeared  with  a  gas  machine.  The  air 
and  gas  were  mixed  in  proper  and  explosive  proportions,  at  the 
compression  intake,  and  sent  through  a  wire  gauze  grating  to  be 
burned  in  the  cylinder.  Clerk  says  of  it : — "  The  engine  worked 
■well  and  smoothly ;  the  action  of  the  flame  in  the  cylinder  could 
not  be  distinguished  from  that  of  steam,  it  was  much  within 
control  and  produced  diagrams  similar  to  steam."  The  flame 
grating  of  gauze  was  the  weak  part,  as  an  accidental  piercing  or 
overheating  caused  an  immediate  back  flash  and  stopped  the 
engine.  Brayton  could  not  stop  this,  so  he  tried  a  volatile  oil 
with  compressed  pure  air,  but  his  burner  was  very  crude  and 
resulted  in  a  goodly  soot  deposit.  The  case  seemed  hopeless, 
and  doubly  so  when  Otto  appeared  in  the  field  with  his  success- 
ful engine,  so  Brayton  gave  up. 

Here,  however,  was  a  woi-king  engine  giving  good  results,  both 
in  economy  and  regulation,  needing  only  a  good  burner  to  keep 
it  going. 

53.  The  immediate  success  and  attractive  principle  of  the 
simple  one-cylinder  Otto  has  held  the  attention  of  nearly  all 
from  then  until  to-day.     One  man  there  was  who,  not  only  did 
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turn  aside,  but,  having  turned,  persevered,  and  he  was  rewarded 
by  success — that  was  Diesel.  He  prepared  an  elaborate  plan 
to  imitate  as  nearly  as  possible  the  Carnot  Cycle,  with  its  iso- 
thermal combustion  in  a  cylinder — certainly  a  striking  novelty. 
But  he  did  not  follow  it,  as  the  low  mean  effective  pressure  of  all 
the  Cycles  IV.,  which  he  attempted  to  follow,  necessitated  immense 
machines  for  the  power  produced ;  what  he  did  do  was  to  repro- 
duce the  Brayton  engine  with  another  burner  and  igniter.  His 
hot  compressed  air  did  what  Brayton  could  not  do,  but  in  every- 
thing else  he  was  strictlj'  Brayton  with  his  Cycle  III.  of  opera- 
tions, which  he  ultimately  followed.  This  is  one  solution,  then, 
but  not  necessarily  the  best,  as  Diesel  needs  a  very  high 
compression  to  run,  and,  while  this  is  the  reason  for  his  high 
efficiency,  it  makes  a  heavy  machine.  A  little  lower  efficiency, 
with  less  weight,  would  be  very  acceptable,  but  this  would  pre- 
clude the  Diesel  burner. 

54.  A  detailed  study  of  the  combustion  of  gas  and  oil  should 
certainly  lead  to  a  still  further  opening  up  of  this  promising, 
though  neglected,  field  of  engineering.  Produce  a  good  fire  and 
you  must  inevitably  produce  an  improved  Brayton  engine,  and 
this,  in  view  of  what  has  been  said,  is  certainly  a  very  desirable 
end. 

While  combustion,  as  a  purely  chemical  process,  has  formed 
the  subject  of  numerous  papers  and  researches,  leading  to  most 
interesting  theoretical  results  of  great  value  to  physical  chemists, 
not  so  many  have  resulted  in  the  discovery  of  a  new  or  useful 
mode  of  burning  fuels. 

55.  Investigation  long  ago  showed  that  the  oils  undergo  a 
vaporization  before  combustion,  and  that  the  oil  flame  is  really 
an  oil  vapor,  or  gas  flame,  so  that  a  knowledge  of  the  laws  of 
combustion  of  gases  will  give  us  those  of  oil  combustion,  with 
the  exception  of  the  means  of  previously  vaporizing  the  oil.  In 
fact,  the  different  methods  of  burning  oil  now  in  use  vary  chiefly 
in  this  second  respect,  the  means  provided  for  gasifying  the  cil. 
It  would,  therefore,  be  well  to  look  at  the  question  of  gas  com- 
bustion first. 

Gases  burn  by  combining  chemically  at  high  temperature  with 
oxygen,  and  the  study  of  their  combustion  may  be  most  readily 
divided  into  classes  whose  characteristics  are  the  ways  in  which 
this  coming  together  of  the  gas  and  its  oxygen  are  provided  for. 

56.  This  leads  to  the  division : 
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Class  I.  Gas  issuing  from  an  orifice  into  a  supporting  at- 
mosphere and  where  all  the  oxj'gen  for  combustion  is  derived 
from  that  atmosphere. 

Class  II.  Gas  mixed  with  oxygen  insufficient  in  quantity'  for 
its  combustion  or  for  the  formation  of  an  explosive  mixture, 
issuing  into  a  supporting  medium  from  which  all  necessary 
additional  oxygen  is  derived. 

Class  III.  Gas  mixed  with  oxygen  in  quantities  insufficient 
for  complete  combustion,  but  sufficient  for  the  formation  of  an 
explosive  mixture,  issuing  from  an  orifice  into  a  supporting  at- 
mosphere, from  which  all  necessary  additional  oxygen  is  to  be 
derived. 

Class  IV.  Gas  mixed  with  oxygen  in  just  siifficient  quantities 
for  combustion,  issuing  from  an  orifice  into  any  sort  of  atmos- 
phere. We  shall  call  a  mixture  of  this  sort  a  "chemical" 
mixture. 

Class  V.  Gas  mixed  with  oxygen  in  such  quantities  as  to 
form  an  explosive  mixture,  but  with  insufficient  oxygen  for  com- 
plete combustion,  burned  in  a  mass  by  a  single  explosion. 

Class  VI.  Gas  mixed  with  oxygen  in  chemical  proportions, 
burned  by  a  single  explosion  in  mass. 

57.  The  first  class  of  combustion  is  very  imperfect,  conse- 
quently only  low  temperatures  result,  while  large  excesses  of 
oxygen  over  what  is  chemically  necessary  are  required.  It  is 
to  this  very  imperfection  that  we  owe  the  efficiency  of  our  ordi- 
nary gas  jet  as  a  source  of  light.  The  unequal  distances  trav- 
elled by  molecules  of  gas  before  reaching  the  place  where  they 
can  find  and  combine  with  the  necessary  oxj'gen,  gives  the  flame 
a  volume;  i.e.,  a  certain  portion  of  sjjace  is  filled  with  the  flame. 
In  the  study  of  combustion,  as  the  origin  of  heat,  this  class  is  of 
no  importance.  Mixing  the  oxygen  with  the  gas,  previously  to 
heating  for  ignition,  as  in  Class  II.,  is  a  direct  aid  to  nature, 
eliminating  the  hunting  process  of  Class  I.,  or,  at  any  rate,  re- 
ducing it,  and  making  necessary  only  the  heating  to  the  igni- 
tion temperature  to  cause  combustion.  This  is  shown  in  the 
immediate  shortening  of  the  flame  over  that  of  the  previous 
class,  and  its  loss  of  luminosity,  while  still  retaining  the  vol- 
ume character  of  the  flame.  It  is  the  principle  of  the  Bunsen 
burner,  and  the  large  class  that  follow  it  for  use  in  furnaces, 
heaters,  cooking  stoves,  and  heating  water  in  steam  carriages. 

58.  In  most  of  these  the  mixture  of  air  with  the  fuel  is  made 
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by  causing  the  jet  of  gas  to  impinge  on  a  mass  of  air,  some  of 
which  is  carried  along  with  the  air  under  the  double  influence 
of  gas  friction  and  the  heated  top  of  the  burner,  whence  the 
mixture  issues. 

Some  other  systems,  of  which  the  American  Gas  Furnace 
System  is  one,  effect  the  mixture  iu  closed  chambers  before  exit 
at  the  burner. 

Combustion  of  Class  II.  is  characterized  by  the  fact  that 
there  is  an  actual  volume  of  flame  ;  the  flame  is  hotter  than  in 
Class  I.,  which  means  that  for  a  given  flame  volume,  either  more 
gas  is  burned,  or  the  prodiacts  of  combustion  are  less  diluted ; 
the  flame  is  less  luminous  and  not  of  uniform  color  throughout 
its  volume. 

An  infinite  variety  of  details  of  arrangement  iu  the  exit  and 
mixing  of  the  air  and  gas  may  be  devised  with  varying  results 
for  special  cases,  but  we  may  say  of  all  of  them  that  though  the 
combustion  be  very  perfect  and  the  amount  of  heat  generated 
large,  yet  there  is  always  a  "  flame  volume,"  indicating  a  strug- 
gle, as  it  were,  on  the  part  of  the  gas  and  air  iu  their  final  com- 
bustion. The  combustion,  though  approaching  perfection  in 
many  cases,  is  rendered  so  only  by  the  use  of  a  large  excess 
of  the  oxygen  chemically  required  giving  oxidizing  products  of 
combustion. 

59.  It  is  only  when  we  previously  mix  the  gas  and  air  com- 
pletely and  uuiforraly  iu  the  proper  chemical  proportions  that 
we  can  get  non-reducing,  non-oxidizing  products  of  combustion, 
and,  since  none  of  the  heat  goes  to  warm  excesses  of  oxygen  or 
of  fuel,  the  temperature  of  these  products  must  be  the  highest 
possible.  Combustion  of  this  sort  is  flameless,  or,  rather,  what 
flame  there  is  is  without  vohime,  having  only  length  and 
breadth  without  thickness,  and  is,  in  fact,  a  surface. 

Such  combustion  is  governed  by  laws  quite  different  from 
those  under  which  the  classes  already  noted  operate,  and  it  is 
to  the  combustion  of  chemical,  and  other  explosive  mixtures, 
that  this  section  is  mainly  devoted. 

60.  Let  us  consider  first  the  class  mentioned  as  Class  VI.,  in 
which  a  mass  of  chemical  mixture — i.e.,  gas  and  its  needed 
oxygen — is  confined  in  a  chamber.  If  inflammation  be  provoked 
at  any  point  of  the  mass,  it  will,  by  self-propagation,  finally  and 
successively  inflame  the  whole  mass.  This  is  the  first  and 
fundamental  principle  of  this  sort  of  combustion.     The  investi- 
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gation  of  this  propagation  of  inflammation  by  such  men  as  Davy, 
Bunsen,  Mallard  and  LeChatelier,  Berthelot  and  others,  has 
shown  that : 

(a)  In  any  mixture,  the  rate  of  propagation  is  constant  for  a 
given  temperature  before  inflammation. 

(h)  The  rate  of  propagation  for  such  mixtures  varies  with 
difi'erent  combustibles,  being,  for  example,  very  fast  for  hj-dro- 
gen  and  slow  for  marsh  gas. 

{r)  The  rate  of  propagation  increases  with  the  temperature  of 
the  mixture  before  inflammation. 

((7)  The  combustion  is  visible  by  reason  of  a  flame-cap,  or 
deep  blue  film  of  flame,  which  travels  through  the  mass,  and 
which,  at  any  instant,  completely  separates  all  the  burned  from 
the  unburned  mixture. 

This  uniformity  of  velocity  of  inflammation  would  indicate 
that  in  a  mass  where  inflammation  had  started  at  a  point,  the 
flame-cap,  or  surface  of  combustion,  exists  at  any  instant  on  the 
surface  of  a  sphere  whose  radius  is  proportional  to  the  time 
elapsed. 

61.  All  this  has  been  assumed  to  take  place  in  a  large  mass  of 
gas.  If,  however,  the  enclosing  vessel  be  given  special  forms, 
certain  other  characteristics  are  brought  out.  One  which  is  of 
interest  to  us  is  the  fact  that,  when  the  enclosing  vessel  is  a  cyl- 
inder, or  prism,  in  which  the  combustion  surface  travels  with  its 
centre  on  the  axis,  the  velocity  becomes  affected  by  reduction  of 
cross-section  and  that  there  will  always  exist  for  every  such  mix- 
ture an  area  of  cross-section  so  small  that  the  self-propagation 
ceases.  This  has  been  explained  by  saying  that  the  walls  car- 
ried off  heat  so  fast  that  the  small  flame-cap  could  not  generate 
heat  enough  to  keep  itself  above  the  temperature  of  ignition. 
Davy  secured  the  same  effect  by  using  his  screen  of  wire  gauze, 
which,  if  interposed  in  the  path  of  the  combustion  surface,  in- 
stantly cooled  the  same  sufficiently  to  prevent  the  ignition  of 
the  mixture  on  the  other  siJe,  provided,  of  course,  the  tempera- 
ture of  the  gauze  itself  is  sufficiently  low. 

62.  When  a  neutral  diluent  gas,  such  as  N  or  CO.,  is  added 
to  a  chemical  mixture  arranged  for  the  above-discussed  com- 
bustion, its  effect  is  to  reduce  the  rate  of  propagation,  though 
not  in  conformity  with  any  law  yet  discovered.  Of  course,  there 
will  be  a  point  when  so  much  of  the  neutral  gas  is  present 
that  combustion  is  impossible,  but  no  reliable  data  are  at  hand 
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on  this  point,  as  the  same  conditions  often  give  widely  varying 
results. 

While  large  quantities  of  a  neutral  gas  may  be  added,  with- 
out affecting  the  combustion  except  to  decrease  the  rate  of  prop- 
agation, a  dilution  by  a  comparatively  slight  amoimt  of  oxygen 
will  prevent  it  altogether.  An  excess  of  gas,  it  has  been  found, 
will  act  within  certain  limits  like  the  presence  of  a  neutral  gas. 
By  far  larger  amounts  of  fuel  than  of  oxygen  may  be  present  in 
excess  without  arresting  combustion. 

63.  This  brings  us  to  class  V.,  where  explosive  mixtures  are 
burned  in  mass,  the  mixtures  having  excess  of  fuel.  The  com- 
bustion is  possible  within  quite  wide  limits,  with  no  other  effect 
than  varying  the  rate  of  propagation.  In  fact,  we  see  a  great 
deal  of  it  to-day  in  our  gas  engines.  While,  of  course,  we  should, 
in  these  engines,  invariably  use  the  proper  chemical  mixture,  they 
are  seldom,  if  exer,  constructed  to  maintain  this  properly,  and,  as 
a  slight  excess  of  oxygen  will  completely  prevent  inflammation, 
the  error  is  always  made  on  the  other  side  ;  sooty  exhausts  bear 
testimony  to  this.  The  gas  engine  also  gives  evidence  of  the  fact 
that  neutral  gases  decrease  tlie  rate  of  propagation,  for  in  some 
two-cycle  engines  which  I  have  lately  examined  I  find  it  im- 
possible to  get  a  vertical  combustion  line  on  the  indicator  dia- 
gram with  a  fixed  ignition,  excejit  at  very  slow  speeds — about  60 
revolutions  per  minute.  This  is  due  entirely  to  the  presence 
of  exhaust  gases  in  excessive  quantities  as  diluents  to  the  charge. 

Some  of  the  principles  above  noted  as  belonging  to  masses  of 
mixture  at  rest  will  make  clearer  the  nature  of  the  problem  of 
combustion  of  the  same  mixtures  when  in  motion  issuing  from 
an  orifice. 

6-4.  The  desirability  of  being  able  to  burn  an  explosive  mix- 
ture continuously  and  non-explosively  under  commercial,  rather 
than  laboratory,  conditions  having  long  been  obvious,  a  series  of 
experiments  was  undertaken  at  Columbia  University  with  this 
end  in  view.  Many  experiments  were  made  and  various  results 
obtained,  but  as  a  full  account  would  take  too  much  space  and 
avail  little,  only  a  few  characteristic  experiments  will  be  noted 
as  leading  up  to  the  result.  Consider  a  mass  of  explosive  mix- 
ture passing  throiigh  a  non-conducting  tube  with  a  uniform  ve- 
locity V.  Then,  if  inflammation  be  started  at  some  point,  the  sur- 
face of  combustion  may  remain  at  rest  or  move  with  or  against 
the  current.     Denote  the  rate  of  propagation  by  r.     Then,  when 
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r  >  /'  the  surface  of  combustion  will  move  with  the  current,  and 
if  the  tube  has  an  end,  the  flame  will  "  blow  off  "  and  combustion 
cease ;  U  v  =  r  the  surface  of  combustion  will  remain  at  rest, 
other  influences  being  inoperative  ;  if  v  <  r,  the  surface  of  com- 
bustion will  move  back  toward  the  source  or  '"  back  flash." 

Of  course,  a  small  tube  of  heat-conducting  material  will  exert 
considerable  cooling  efl'ect,  but  for  the  present  we  will  not  con- 
sider such  tubes. 

In  a  practicable  system  of  burning  an  explosive  mixture  con- 
timiously,  we  may  state  the  following  as  desiderata  and  later  see 
how  they  can  be  secured. 

I.  "  Back  flashing "'  must  be  prevented. 

II.  "Blow  off"  must  be  prevented. 

III.  Combustion  surface  miast  be  localized. 

IV.  It  must  remain  localized  for  wide  ranges  of  feed  or  veloc- 
ity of  flow  of  the  mixture. 

V.  The  localization  must  be  unaffected  by  changes  of  tem- 
perature. 

VI.  Large  or  small  quantities  must  be  burned  withoiit  affect- 
ing the  above,  and  the  transition  from  very  small  quantities  to 
very  large,  or  i-ice  versa,  however  sudden,  should  be  easy. 

65.  The  first  requirement  might  be  accomplished  in  three 
ways : 

(a)  By  using  a  long  tiibe  of  some  conducting  material  and 
so  small  in  diameter  as  to  prevent  the  jsassage  of  the  flame-cap 
under  any  circumstances. 

(h)  By  using  wire-gauze  screens. 

(c)  By  causing  the  mixture  to  flow  at  some  point  with  a 
velocity  always  greater  than  the  rate  of  propagation. 

The  first  («)  is  impracticable,  as  it  permits  of  only  small  quan- 
tities being  burned ;  the  second  (//)  will  not  work  when  the  wire 
gauze  gets  hot ;  this  leaves  (e),  which  is  practicable,  as  a  valve  in 
a  pipe  will  answer  for  the  necessary  contraction  and  consequent 
increase  of  velocity.  Hence  we  must  put  down  as  the  first  re- 
quirement in  ovir  desired  method  of  combustion  the  following. 
At  some  point  before  the  combustion  surface  is  reached  the  ve- 
locity of  feed  must  be  such  that  v.  >  r. 

6fi.  Requirement  II.  might  be  accomplished  in  three  ways  : 

('!}  By  so  reducing  the  velocity  after  passing  the  liigh-specd 
point  that  we  have  at  some  surface  v  =  >'. 

{b)  By  suddenly  increasing  the  temperature  of  the  mixture  so 
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as  to  increase  the  rate  of  propagation  while  v  remains  con- 
stant ;  or, 

((')  By  both  reducing  v,  by  spreading  the  current,  and  in- 
creasing r  by  heating. 

All  of  these  ways  are  practicable ;  but,  as  a  reduction  of 
velocity  alone,  or  a  sufficient  heating  alone  would  not  produce 
the  desired  results  so  well  as  both  operating  together,  there  was 
introduced  as  the  second  requirement  in  our  desired  method, 
the  following.  After  passing  the  point  where  v  >  /•,  the  ve- 
locity of  the  mixture  should  be  so  reduced  and  its  temperature 
increased  as  to  make  t> '  =  /'. 

67.  With  these  conditions  in  mind,  let  us  consider  an  experi- 
ment. Let  the  mixture  issue  from  an  orifice  into  the  air.  By 
properly  regulating  the  velocity  of  exit,  the  flame-cap  can  be 
maintained  at  the  orifice — the  only  device  with  which  I  suc- 
ceeded in  this  exjieriment  was  by  causing  water  to  drip  into  the 
supply  chamber ;  the  position  of  the  flame-cap  is  so  extremely 
sensitive  to  changes  of  flow  that  all  other  methods  which  were 
tried  for  obtaining  a  constant  velocity  of  exit,  variable  at  will, 
failed — increase  the  flow  slightly,  and  the  flame-cap  will  lift  off. 
This  may  be  done  until  the  flame-cap  is  as  much  as  2  inches 
(with  illuminating  gas  and  air)  from  the  orifice  before  extinction 
takes  place.  It  would  seem  that  tlie  impinging  of  the  jet  on  the 
atmosphere  should  sjjread  it  and  so  reduce  its  velocity,  but  no 
appreciable  increase  of  diameter  could  be  observed.  When  the 
cap  is  close  to  the  orifice,  it  is  of  a  deep  blue  color,  uniform  in 
shade  over  the  disk,  and  the  edges  are  sharply  defined  ;  whereas, 
as  it  lifts  off  some  distance,  it  becomes  indistinct  and  unsteady 
at  the  edges  until,  at  the  moment  of  extinction,  it  fades  into 
nothing.  When  the  cap  is  away  from  the  orifice,  while  there 
is  no  visible  connection  with  the  source  of  supply,  there  really 
exists  a  column  of  mixture  extending  from  the  orifice  to  the  cap 
and  passing  through  the  atmosphere.  Naturally,  at  the  surface 
of  this  column,  diffusion  will  take  place,  and  the  longer  the 
column,  the  greater  will  be  this  diffusion  eflect,  thus  affecting 
the  composition  of  the  advancing  column  of  mixture  and  caus- 
ing partial  loss  of  gas.     This  is  the  real  cause  of  extinction. 

68.  From  these  experiments  we  can  draw  the  conclusion  that 
the  current  cannot  be  sufficiently  reduced  in  velocity  by  issuing 
into  an  atmosphere  of  lower  pressure  to  prevent  ''  blow-off " 
before  diffusion  with  the  atmosphere  so  alters  the  character  of 
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the  mixture  as  to  cause  extinction  before  reaching  the  surface 
of  combustion.  This  calls  for  a  new  condition  besides  those 
noted  in  the  requirements  for  combustion.  The  reduction  of 
velocity  of  the  mixture,  after  passing  the  place  where  v  >  >; 
must  be  accomplished  in  such  a  way  as  to  prevent  diffusion 
witli  any  other  gas. 

69.  To  prevent  this  diffusion,  there  naturally  suggests  itself 
the  expedient  of  surrounding  the  issuing  jet  with  a  shield  of 
larger  diameter,  to  still  permit  of  the  desired  expansion.  This 
is  shown  in  Fig.  1 1 3,  and  is  essentially  the  same  as  proposed  by 
Ladd,  Schmid,  Beckfeld,  and  others.  The  mixture  must  issue 
from  orifice  a  with  a  velocity  i'„  >  r  ;  this  will  prevent  "  back 
flash."  If  the  distance  from  a  to  b  is  long  enough  to  allow  the 
gas  to  spread  and  reduce  velocity,  "blow-off"  will  not  occur 
until  Vi,  >  r,  and  within  these  limits  the  flame-cap  should  re- 
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main  within  the  shield.  A  trial  shows  that  when  (Dt'a),,  is  but 
slightly  larger  than  (Dia),,^  the  feed  velocity  may  be  varied  in 
about  the  proportions  noted,  but  this  means  that  we  are  confined 
within  very  narrow  working  limits.  The  flame-cap  seems  to 
lose  its  flat,  volumeless  character  for  some  reason  not  at  first 
clear.  When  {Dia)^  is  much  larger,  say  four  or  five  times 
{Dia)„,  a  slow  increase  of  feed  velocity  above  r  reveals  the  ad- 
vancing flame-cap  just  as  if  the  shield  were  not  there.  Later,  a 
slight  spreading  is  noted,  and  then  the  flame  actually  begins  to 
show  volume,  as  if  thei"e  were  no  longer  an  explosive  mixture 
present ;  this  heats  up  tlie  shield.  A  little  consideration  will 
show  this  to  be  due  to  the  diffusion  of  the  advancing  and 
slightly  spreading  column  with  the  products  of  combustion 
within  the  shield,  and  the  high  temperature  of  the  shield  helps 
to  maintain  a  combustion  of  what  is  now  a  diluted  explosivei 
mixture  beyond  a  point  where  that  combustion  would  be  pos- 
sible if  cold.  An  increase  of  velocity  will  cause  extinction  by 
"  blow-off." 
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70.  Here  the  results  are  somewhat  better  than  in  the  last 
case  without  the  shield.  The  jjrinciples  operating,  with  the 
results  are  :  back  flash  prevented  b}'  sufficiently  great  initial 
velocity  at  a ;  a  spreading  to  reduce  velocity,  but  very  slight 
and  insufficient,  as  proved  by  the  narrow  working  limits ;  diffu- 
sion is  not  prevented ;  gas  is  partly  heated  before  burning  by 
the  shield,  which  helps  to  continue  combustion.  If  the  advanc- 
ing column  did  increase  in  cross-section  and  decrease  in  velocity 
while  advancing,  successive  possible  positions  of  the  flame-cap 
woiild  be  as  shown  at  1,  2,  3,  4,  etc.,  of  Fig.  113. 

It  is  obvious  that  at  any  point  between  o  and  7,  such  as  4, 
the  cap  is  surrounded  by  products  of  combustion,  and  the 
advancing  column  of  mixtui-e  is  passing  through  an  atmosphere 
chiefly  composed  of  the  same,  resulting  in  disastrous  diffusion. 


Fig.  114 

This  at  once  suggests  giving  the  shielding  envelope  the  form  of 
a  cone,  supposing  the  orifice  circular,  so  that  the  flame-cap  at 
any  instant  may  entirely  fill  up  the  space  between  the  walls. 

71.  Apparatus  with  this  end  in  view  was  tried  and  gave  some 
interesting  results.  Fig.  114  shows  a  cone  of  45  degrees  angle, 
with  a  1-inch  orifice  such  as  was  used.  The  velocity  of  feed  was 
so  adjusted  as  to  cause  the  flame-cap  to  advance  slowly  from  a, 
with  the  expectation  stated  above.  The  flame-caps  at  successive 
positions  took  the  forms  shown  at  the  lines  1,  2,  3,  4,  5,  6,  etc., 
and  finally  "blow-off"  occurred.  Since  the  only  place  where  the 
combiastion  surface  can  remain  at  rest  is  on  a  surface  where 
V  =  r,  and  since,  secondly',  r  is  here  constant,  the  curves  indi- 
cating the  intersection  of  the  combustion  surfaces  hj  meridian 
planes,  give  us  graphical  values  of  the  velocity  of  the  advan- 
cing column  of  mixture.  It  is  seen  that  the  expected  spreading 
did  not  take  place,  and  that  at  any  circular  cross-section  of  the 
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cone,  the  velocity  was  greatest  at  the  centre,  decreasing  toward 
the  edges. 

The  curves  1,  2,  3,  etc.,  are  really  cross-sections  of  successive 
constant- velocity  surfaces  in  the  advancing  column,  and  the 
surface  of  combustion  will  lie  on  that  surface  of  constant-trans- 
mission velocity  where  v  =  r. 

72.  A  constant-velocity  surface  may  be  defined  as  a  surface  at 
every  point  of  which  the  moving  particles  of  gas  have  equal  in- 
stantaneous velocities.  If  these  successive  surfaces  had  remained 
flat  or  nearly  so,  the  proper  sort  of  spreading  of  current  and 
uniform  decrease  of  velocity  would  be  indicated.  This  gives  us 
an  accurate  definition  of  how  we  want  our  velocity  reduced  after 
passing  the  point  where  v  >  r.  The  velocity  of  the  advancing 
mixture  miist  be  reduced  without  diffusion,  so  as  to  keep  the 
surfaces  of  constant  velocity  of  such  form  that  adjacent  points 
on  any  one  will  be  at  approximately  the  same  distance  from  the 
point  where  spreading  begins.  Keducing  the  angle  of  the  cone, 
while  helping  matters  considerably,  reduces  the  range  of  feed 
velocities  within  impracticable  limits. 

73.  Many  ways  of  bringing  about  the  above  were  tried,  but 
only  one  seemed  preeminently  good  both  by  reason  of  its 
simplicity  and  effectiveness,  for  it  fulfils  almost  perfectly  the 
requirements  proposed  for  our  desired  metbod;  this  is,  to  fill 
the  cone  with  fragments  of  refractory  material  such  as  pottery, 
broken  crucibles,  bits  of  magnesite,  or  any  other  rock  that  will 
stand  the  high  temperature  without  fusing.  In  cones  of  60 
degrees,  and  with  a  ^-inch  orifice,  I  have  found  pieces  about 
|-inch  diameter  to  answer  well. 

These  separate  pieces  of  solid  matter  interpose  many  reflect- 
ing surfaces  without  materially  hindering  the  advance  of  the 
mixture,  and  cause  it  to  spread  in  the  way  desired,  keeping  the 
surface  of  combustion  spherical  and  preventing  diffusion.  A 
variation  of  velocity  causes  the  spherical  surface  of  combustion 
to  vary  only  in  diameter,  and  the  limits  of  feed  are  determined 
only  by  the  size  of  the  cone. 

74.  A  cone  of  given  altitude  will  give  the  greatest  range  of 
variation  of  diameter  of  cross-section  when  its  angle  is  180  de- 
grees. This  is  a  plane  surface  which,  with  the  orifice  and  broken 
rock,  should  appear  as  in  Fig.  115.  Here  the  surface  of  com- 
bustion is  approximately  a  semi-sphere.  Trial  shows  that  this 
arrangement  works  perfectly,  and  the  limits  of  feed  are  deter- 
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mined  only  by  the  size  of  the  pile  of  rock  siirrounding  the  open- 
ing. A  cone  of  360  degrees,  or  no  cone  at  all,  suggests  the 
surrounding  of  the  nozzle  by  broken  rock  without  any  enclosing 
walls  (Fig.  IIG).    This  arrangement  also  works  remarkably  well. 


Fio.  115. 

The  surface' of  combustion  is  here  approximately  a  sphere, 
giving  the  greatest  possible  increase  in  area  of  the  surface  of 
combustion  for  the  distance  travelled  from  the  nozzle. 

If  d  denote  the  distance  from  the  point  where  spreading 
begins  to  the  surface  of  combustion  and  S  the  area  of  the  sur- 
face, we  have : 

For  a  cone,  8  =  nd "  tan ''  a. 

For  no  walls  (Fig.  116),  *S"  =  ^ndK 


75.  Not  only  is  the  greatest  possible  range  of  action  by  veloc- 
ity reduction  thus  obtained,  enabling  the  greatest  possible 
amount  of  mixture  to  be  burned  in  a  given  volume,  but  this 
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amount  is  further  augmented  by  reason  of  the  increase  of  the 
rate  of  propagation  caused  by  the  passage  of  the  mixture 
between  the  hot  fragments.  Hence  both  principles  operate 
simultaneously  toward  the  desired  end. 

^e  haye  thus  arriyed  at  a  method  of  continuously  burning 
explosive  mixtures  of  all  sorts,  whether  in  the  chemical  propor- 
tion or  not,  as  classified  in  TV.  and  V. 

76.  The  method  fulfils  all  the  conditions  set  down  as  neces- 
sary, and  may  be  stated  as  follows  : 

I.  Cause  the  mixture  to  pass  a  point  where  its  yelocity  of 
transmission  shall  be  always  greater  than  the  rate  of  propaga- 
tion of  inflammation  through  the  mixture.  This  may  be  done 
by  a  yalve  in  the  feed-pipe. 

n.  So  spread  the  current  of  mixture  after  it  passes  this  point 
of  high  velocity  that  surfaces  of  constant-transmission  velocity 
shall  be  of  such  form  as  to  keep  adjacent  points  on  any  one  at 
approximately  the  same  distance  from  the  point  where  spread- 
ing begins.  The  whole  spreading  must  take  place  so  that  the 
advancing  unburned  mixture  cannot  difl'use  with  any  other  gas. 
This  can  be  accomplished  by  surrounding  the  orifice  with 
solid  fragments,  introducing  numerous  reflecting  surfaces  which 
accomplish  the  spreading;  also,  by  the  passage  through  the 
int«rstices  between  this  solid  matter,  the  mixture  is  heated  and 
the  rate  of  propagation  increased,  making  possible  the  burning 
of  more  mixture  in  unit  volume. 

77.  When  a  chemical  proportion  is  maintained  in  the  mixture, 
all  the  combustion  takes  place  on  the  combiislion  sn/face,  giving 
absolutely  neutral  products  of  combustion ;  but  when  an  excess 
of  gas  is  present  within  certain  limits,  all  gas  that  can  find 
oxygen  burns  explosively  between  the  solids,  while  the  excess 
acts  mei'ely  as  a  neutral  diluent  to  be  burned  when  it  meets  an 
oxygen  atmosphere  later  on.  By  properly  placing  the  oxygen 
atmosphere  to  burn  the  excess  gas,  we  can  get  the  hot  products 
either  redHcing  or  oxidmmi — reducing  after  leaving  the  explosive- 
combustion  surface  and  before  meeting  the  excess  of  oxygen  in 
the  atmosphere,  oxidizing  after  that  meeting. 

It  might  be  here  noted  that  the  principle  well  known  in  explo- 
sive combustion  at  constant  volume,  and  constantly  operating 
in  the  gas  engine,  that  "  to  a  chemical  mixture  of  air  and  gas 
there  may  be  added  large  quantities  of  gas  without  altering 
the  explosive  properties  of  the  mixture,"  is,  by  these  experi- 
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ments,  extended.  It  appears  that  in  explosive  combustion  at 
constant  pressure,  or,  as  I  have  called  it.  "  continuous  combus- 
tion of  explosive  mixtures."  the  same  principle  applies,  and, 
though  no  real  proportion  measurements  have  yet  been  made, 
it  seems  to  a  wider  degree.  That  is  to  say,  that  in  the  method 
here  described,  mixtures  of  air  and  gas,  with  gas  in  excess  of 
the  amount  the  air  present  can  support,  will  bum  explosively. 
The  excess  gas  present  acts  merely  as  a  neutral  diluent,  such 
as  the  nitrogen  of  the  air.  It  is  a  fact  also  that,  as  the  solid 
fragments  heat  up,  the  excess  may  be  greater  than  when  they 
are  cold. 

78.  Another  interesting  thing  noted  in  these  experiments  is 
that  an  explosive  fire  will  sometimes  emit  a  musical  note  ;  it 
may  be  that  this  is  always  true  and  that  its  absence  at  any  time 
is  due  to  lack  cf  the  proper  resonator.  This  would  seem  to 
indicate  that  what  to  the  eye  appears  as  continuous  combustion, 
is  only  approaching  the  limit,  which  is  continuity,  and  that  in 
reality  single  explosions  in  rapid  and  nijular  succession  are 
taking  place.  It  would  be  interesting  to  determine  whether 
the  temperature  or  kind  of  gas  has  any  influence  on  this  note. 

79.  The  perfection  of  the  gas  combustion  above  discussed  and 
the  simplicity  of  the  apparatus  make  the  method  highly  satis- 
factory, and  the  solution  of  the  difficult  problem  of  explosive- 
gas  combustion  lends  encouragement  to  the  even  more  diffi- 
cult case  of  oil  combustion.  The  experiments  with  oil,  though 
not  yet  complete,  promise  to  give  equally  satisfactory  results  ; 
in  fact,  it  is  almost  certain  that  they  will.  However,  the  oil 
system  has  so  far  been  tried  in  only  a  few  cases,  and  it  is  not 
wise  to  announce  the  complete  success  of  the  system  until  all 
possible  conditions  have  been  met. 

80.  It  was  shown  that  there  were  only  two  classes  of  com- 
bustion worthy  of  consideration  for  use  in  internal-combustion 
engines,  and  only  two  cycles  that  promised  returns  commen- 
surate with  the  labor  and  time  that  might  be  expended  in  their 
development — the  Otto  and  the  Brayton.  The  Otto  is  simple 
to  carry  out  in  practice,  and  is  now,  to  all  intents  and  purposes, 
fully  developed,  while  the  Brayton  has  hitherto  failed,  chiefly 
because  of  the  difficulty  of  handling  explosive  mixtures  in  the 
desired  way.  This  difficulty  now  removed,  puts  the  Bravton 
cycle  on  a  different  basis,  making  the  system  quite  as  feasible 
as  the  Otto,  and,  in  most  respects,  promising  better  results.   Not 
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ouly  tliis,  but  the  fact  that  the  oil  combustion  will  almost  cer- 
tainly be  put  within  as  easy  reach,  adds  another  point  in  favor 
of  the  Braytou  cycle,  in  the  carrying  out  of  which  any  sort  of 
oil  may  be  iised,  whereas  the  Otto  is  here  barred. 

It  is  not  necessary  to  enumerate  here  the  comparative  merits 
of  the  two  systems,  for  that  can  be  easily  judged  by  what  has 
already  been  stated. 

81.  There  is  one  point,  however,  that  should  receive  notice, 
that  is,  should  we  operate  Braytou  cycles  with  intermittent  or 
continuous  combustion  ?  With  intermittent  combustion  the  fire 
burns  within  the  cylinder,  and  as  nothing  but  fuel  and  air  pass 
the  inlet  valves,  they  can  be  the  more  easily  kept  cool ;  while, 
on  the  other  hand,  the  placing  of  the  burner  beyond  the  valve 
presents  two  undesirable  features  :  first,  the  clearance  must  be 
unusually  large  ;  and  second,  the  intermittent  feed  and  cut-off 
of  air  and  fuel  at  just  the  right  time,  without  alteration  of  pro- 
portion in  a  fraction  of  a  second,  introduces  a  condition  very 
difficult  to  meet.  Continuous  combustion  within  a  fire-box  is 
easier  to  handle,  there  being  no  alterations  of  feed  and  the 
clearance  may  be  as  small  as  we  please,  whereas  we  have  as 
undesirable  the  feeding  of  hot  gases  past  the  inlet  valves. 

Which  of  these  alternatives  will  prove  the  better  for  use,  in 
the  system  of  engines  under  treatment,  can  be  decided  only  by 
actual  construction,  but  as  either  will  work,  there  is  no  great 
risk  involved  in  building. 

DISCUSSION. 

3fr.  Arthur  J.  Frith. — The  careful  reading  of  the  paper  of  Mr. 
Charles  E.  Lucke  justifies  the  belief  that  the  interesting  part  is  at 
the  end.  His  series  of  experiments  on  combustion  and  the  con- 
clusions described  are  of  tlie  greatest  interest ;  to  manj^  of  us  they 
are  decidedly  novel,  and  promise  to  be  of  great  practical  value. 
He  is  to  be  congratulated  upon  presenting  us  with  a  most  inter- 
esting and  convincing  demonstration  of  some  of  the  necessary  con- 
ditions for  the  complete  combustion  of  gas  delivered  in  a  certain 
stated  manner :  and  we  shall  be  pleased  to  learn  what  further 
problems  are  solved  with  regard  to  the  combustion  of  oil ;  but 
this  admirable  demonstration  is  only  one  factor  in  the  heat-engine 
problem. 

His  description  of  various  cycles  is,  I  believe,  open  to  criticism ; 
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certainl}^  cycle  three  is  not  what  I  have  understood  to  be  the 
Brayton  cycle.  One  of  the  noticeable  features  of  the  Brayton  en- 
gine, as  we  read,  was  his  method  of  ignition,  and  an  equally 
marked  and  apparently  necessary  feature  was  that  the  air  and  gas 
were  compressed  in  separate  C3'linders,  and  delivered  from  tanks 
or  directl}'  to  the  working  cylinder.  This  means  that  his  true 
card  would  show  a  deliver}'  line  at  highest  pressure,  reaching  to- 
ward the  origin  of  ordinates,  and  the  return  line  of  high  pressure 
in  the  working  cylinder  is  practically  superimposed  on  it,  as  shown 
in  Fig.  117,  so  that  the  true  Brayton  cj^cle  diagram  would  be 
ABCDEA,  not  BCDEB.  This  is  a  most  important  differ- 
ence, for  while  the  mean  effective  pressure  of  card  BCDEB 
may  be  large,  that  of  the  true  card,  ABCDEBA  is  compara- 
tively small.      All  this  is  admirably  demonstrated  in  Kankine's 


"  Steam  Engine,"  page  354,  in  his  discussion  of  the  Ericsson  air 
engine,  which  is  a  close  relative  of  the  Brayton  engine,  the  differ- 
ence being  in  the  method  of  heating  the  working  medium.  I 
have  worked  on  a  good  many  schemes  calling  for  cards  of  this 
general  character,  and  I  have  been  forced  to  the  conclusion  that 
engines  of  the  Brayton  type  cannot  give  high  mean  effective 
pressures ;  in  short,  that  no  matter  how  admirable  may  be  their 
methods  of  ignition,  and  their  readiness  to  work  at  all  times  (ac- 
counts of  which  we  read  in  text-books),  with  low  mean  effective 
pressures  they  must  be  bulky  for  the  power  obtained.  Another 
unfortunate  feature  which  is  dwelt  upon  is  that  the  temperature 
of  the  exhaust  was  excessive,  which  might  be  expected  from  their 
necessarily  small  ratio  of  expansion,  where  but  a  slight  drop  in 
temperature  is  obtained  from  the  high  temperature  of  combustion 
by  the  adiabatic  expansion.     I  have   been  told  by  a  gentleman 
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who  saw  one  of  these  engines  that  the  exhaust  pipe  ran  red  hot, 
and  that  the  exhaust  valve  was  frequently  renewed  after  being 
burned  out.  An  English  company,  it  is  said,  used  the  exhaust 
under  an  auxiliary  steam  boiler  in  an  attempt  to  save  this  loss  of 
heat.  Why  should  we  expect  anything  but  low  eflBciencies  in 
this  class  of  engine,  if  we  cannot  use  the  heat  in  the  engine  itself? 
The  recorded  efficiencies  of  Brayton  engines  were  all  very  low. 
The  use  of  a  regenerator,  with  its  enormous  clearance,  has  been 
suggested  as  a  means  to  remedy  this  trouble  but  from  the  well- 
known  conditions  of  this  device,  it  is  believed  that  this  simply 
adds  new  and  troublesome  difficulties  to  the  problem.  The  ex- 
periments and  efforts  of  Professor  Jenkin,  in  England,  to  use  in- 
ternal combustion  with  the  old  Sterling  cycle  (probably  the  most 
beautiful  application  of  thermodynamics  that  was  ever  made) 
are  interesting  reading  in  this  connection,  though  the  results  were 
entirely  unsatisfactory.  I  have,  therefore,  doubts  as  to  the  reli- 
ability of  the  table  preceding  paragraph  11. 

It  has  always  been  supposed  that  the  popularity  of  the  Otto 
cycle  was  as  much  due  to  the  compression  of  the  charge  in  the 
working  cylinder,  by  which  the  tail  on  the  true  engine  card  is 
avoided,  and  high  mean  effective  pressures  obtained  thereby,  as  to 
the  method  of  using  an  explosive  charge. 

It  also  seems  as  if  the  author  were  not  justified  in  using  the 
term  "  Brayton  cycle "  to  cover  so  many  classes  of  engines, 
which  are  in  no  way  related  to  what  Bra3'ton  did,  or  proposed  to 
do :  thus  in  paragraph  .53  he  says  that  Diesel  reproduced  "the 
Braj'ton  engine  with  another  burner  and  igniter  " — a  statement 
which  is  so  evidentl}^  incorrect  as  to  hardlj'  merit  a  denial,  there 
being  nothing  in  common  between  the  two,  unless  the  slow  ad- 
mission of  fuel  be  so  considered,  and  that  has  radical  differences 
sufficient  to  satisfy  most  people.  Carnot,  in  his  cycle,  contem- 
plated a  slow  addition  of  heat,  but  I  have  yet  to  hear  that  it  was 
identical  Avith  the  Brayton  C3'cle. 

I  firmly  believe  that  we  shall  yet  see  an  easil}'  controlled  inter- 
nal combustion  engine  of  high  efficiency.  Mr.  Lucke's  method  of 
combustion  is  interesting  reading,  but  I  fear  it  does  not  solve  the 
heat-engine  problem,  nor  is  the  Avell-known  thermodynamic  in- 
efficiency of  the  Brayton  cycle  entirely  counterbalanced  by  its 
reputed  ease  of  handling. 

Mr.  JI.  II.  Suplee. — I  had  the  privilege  of  seeing  one  of  the 
early  Brayton  engines  exhibited  at   the  Franklin   Institute  in 
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Philadelphia,  and  described  by  Mr.  Brayton.  Mr.  Frith's  figures 
are  about  right ;  the  pressure  was  about  80  pounds,  and  the  ex- 
haust pipe  was  cei'tainly  very  hot.  Mr.  Brayton  performed  at 
that  time  some  experiments  very  similar  to  those  described  in  this 
paper :  a  sphere  of  sheet  metal,  some  G  to  S  inches  in  diameter, 
which  he  could  take  apart,  was  filled  with  some  resisting  material, 
at  one  time  wire  gauze,  at  another  divided  material  of  various 
sorts,  and  at  another  a  kind  of  sponge ;  in  one  end  of  that  sphere 
he  delivered  compressed  air  from  the  air  chamber  of  his  engine. 

The  air  chambers  of  the  engine  were  two  horizontal  c\'linders, 
which  formed  the  base,  as  illustrated  in  Fig.  97  of  the  paper,  and 
in  them  he  pumped  the  pressure  up  to  SO  or  90  pounds.  At  first 
he  had  some  trouble  in  holding  the  pressure  over  night,  so  as  to 
have  enough  to  start  in  the  morning,  but  finally  succeeded  with 
air  chambers  i  or  5  feet  long  and  about  6  inches  in  diameter.  I 
think  he  used  ordinary  benzine,  and  by  delivering  the  compressed 
air  into  one  end  of  this  vessel  he  burned  the  carburetted  mixture 
quietly  at  the  other  end  in  a  free  flame,  very  much  as  described 
here  in  the  apparatus  with  the  broken  rock ;  then,  by  manipu- 
lating the  stopcock  on  the  pipe,  the  flame  was  blown  off  in  great 
volume  three  or  four  feet  away,  like  a  great  sphere.  The  experi- 
ments were  performed  in  Philadelphia  about  Centennial  time,  and 
I  think  that  Mr.  Brayton  has  been  through  most  of  the  work  de- 
scribed in  this  paper  before  ;  as  we  all  know,  his  engine  has  been 
in  the  scrap  heap  for  a  long  time. 

31):  LiicTie. — As  to  the  diagram  of  Mr.  Frith's  Fig.  lit  being 
the  Bra^'ton  cycle,  and  the  one  to  which  I  referred  not  being  the 
Era\'ton  cycle,  I  would  like  to  say  that  his  diagram  would  come 
down  to  what  I  call  the  Brayton  cycle  if  the  cut-off  had  been  a 
little  earlier. 

With  constant-pressure  combustion  following  adiabatic  com- 
pression we  may  make  this  constant-pressure  line  any  length  we 
please  up  to  a  maximum  by  simply'  var\'ing  the  cut-off.  This 
variable  constant-pressure  line  will  be  followed  by  atliabatic  ex- 
pansion to  as  large  a  volume  as  the  cylinder  permits,  bringing  the 
diagrams  all  under  III.,  or  some  of  its  variations — IIL-1.,  etc. ; 
and,  as  these  are  all  possibilities  resulting  from  a  varying  cut-off, 
I  choose  to  call  the  simplest  and  perfect  one,  III.,  the  Brayton. 
In  this  I  am  merely  following  custom  in  these  matters.  The  ex- 
ploding engine  diagram  as  obtained  by  operators  is  always  given  a 
slight  inclination  to  the  right  in  the  combustion  line,  as  this  gives 
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the  best  work  areas  and  smoothest  operation ;  constant  volume 
combustion  is  never  absolutely  followed  by  the  well  informed. 
This  diagram  and  the  perfect  one  are  both  called  the  Otto, 
3'et  in  discussion  we  always  look  to  the  perfect  one,  11^.  This 
departure  from  the  perfect  and  simplest  card  in  the  Otto  en- 
gine for  reasons  of  weight,  without  changing  the  name  of  the 
perfect  card  from  the  Otto,  is  a  parallel  case  with  Bray  ton's  prac- 
tice of  having  an  admission  line  so  long  as  to  make  a  complete 
expansion  impossible,  yet  I  believe  the  name  Brayton  should  be 
given  the  perfect  c^^cle  III.  The  engine  constructed  by  Brayton 
did  give  a  low  efficienc}',  as  everyone  knows  ;  but  that  does  not 
condemn  the  cycle,  for  it  is  mathematically  shown  in  the  papers 
referred  to  in  pai'agraph  10  that  when  the  same  heat  is  supplied 
to  the  same  mass  of  gas  after  the  same  compression,  then  cycle  III., 
called  the  Brayton,  must  give  the  same  work  area  as  cycle  11^., 
called  the  Otto.  So  that  if  Brayton's  mechanism  produced 
pooi'er  results  than  this,  it  is  simply  an  impeachment  of  that 
mechanism,  and  nothing  more. 

As  to  the  Diesel  not  being  an  Otto  C3'cle,  I  have  this  to  say  : 
Mr.  Diesel  started  out  to  get  isotliermal  combustion.  He  found 
that  he  was  getting  too  low  a  mean  effective  pressure  for  isother- 
mal combustion,  and  is  now  using,  I  think,  constant-pressure  com- 
bustion, so  that  his  diagram  is  like  Fig.  IIS,  a  compression  which 
goes  very  high — and  which  is  the  source  of  his  high  efficiency — 
followed  by  ver}'  short  constant-pressure  lines,  and  then  an  expan- 
sion to  wherever  he  wants  it.  Whether  that  line  (2-3)  will  be  a 
constant-pressure  line  or  an  isothermal  depends  entirely  upon  how 
fast  he  feeds  fuel,  and,  of  course,  on  how  cool  the  cylinder  is 
allowed  to  get.  The  fuel  can  be  fed  so  fast  as  to  keep  the  pres- 
sure constant,  or  even  to  raise  it.  With  a  high  pressure  the 
efficienc}'  is  raised,  and  Fig.  118  differs  from  Mr.  Frith's  diagram 
(Fig.  117)  only  in  the  compression  and  the  presence  of  a  receiver- 
deliverjf  line  (AB),  which  is  an  accident  of  design  not  essential  to 
tlie  cycle  as  such. 

As  to  the  table  in  paragraph  10,  to  which  objection  was  made, 
it  is  not  worked  out  b}^  any  guess.  There  is  referred  to  in  para- 
graph 10  the  Columbia  School  of  Mines  Quarterly,  Xos.  1,  2,  3, 
Vol.  XXII.,  1901,  and  in  those  numbers  will  be  found  the  mathe- 
matical analysis  which  leads  to  and  justifies  the  table.  I  have  a 
copy  here ;  it  is  ninety  pages  of  careful  analyses,  and  was  not,  as 
I  said  before,  arrived  at  by  any  accident.     It  represents  a  lot  of 
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good  hard  work,  put  down  in  a  systematic  way,  and  that  table 
is  fully  justified  by  what  is  therein  contained. 

If  Mr.  Brayton  did  go  through  most  of  the  work  of  this  paper, 
as  Mr.  Suplee  states  to  be  his  belief,  all  I  can  say  is  that  it  is  a 
Y>'\ty  no  records  were  kept  of  that  work. 

The  experiment  mentioned  of  producing  a  sphere  of  flame  is 
absolutely  impossible  with  a  mixture  of  air  and  gas  in  true  chem- 
ical proportions  ;  with  excess  of  fuel  and  burning  in  air  it  is  pos- 
sible. The  reasons  and  conditions  are  clearly  set  down  in  the 
body  of  the  paper. 

M?:  Frith. — Mr.  Lucke's  sketch  of  a  Diesel  card  is  one  that  was 
only  occasionally  obtained  when  the  introduction  of  fuel  was  too 
rapid ;  its  usual  shape  was  a  steep  inclination,  approaching  the 


isothermal  line  of  expansion.  That  it  occasionally  expanded  hori- 
zontally does  not  establish  any  likeness  to  the  Brayton  cycle, 
where  the  gases  are  compressed  in  one  cjdinder  and  necessaril}^ 
delivered  into  another ;  and  I  must  decidedly  dissent  from  his 
claiming  a  similarity  between  the  Brayton  and  Diesel  cycles.  Why 
is  not  the  latter  nearer  to  being  identical  with  the  Otto  cycle  ?  In 
both,  the  gases  or  air  are  compressed  in  a  single  cylinder,  the  ad- 
mission, fuel  burning,  and  exhaust  strokes  being  in  the  same 
rotation,  though  in  the  Diesel  the  fuel  is  added  afterwards ;  and 
I  do  not  doubt  that  Otto  cards  can  be  found  Avhich  are,  for  a 
short  distance,  nearly  horizontal  at  the  top. 

The  doubt  expressed  in  regard  to  the  accuracy  of  the  table  is 
due  to  the  position  given  to  the  Brayton  cycle  in  respect  to  high 
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mean  effective  pressure ;  if — as  one  would  judge  by  the  samples 
shown  of  so-called  Brayton  cards — these  mean  effective  pressures 
are  figured  from  cards  which  do  not  show  the  line  of  air  com.jpres- 
s'loii  and  delivery  into  a  second  cylinder,  then  they  are  misleading 
and,  I  think,  misnamed,  such  cards  not  being  recognized  as  repre- 
senting the  Brayton  cj'cle. 

Mr.  Lucke. — I  think  we  disagree  chiefly'  in  our  definition  of  the 
word  "  C3^cle."  I  take  as  the  definition  of  the  word  "  cycle  " — 
and  I  have  defined  it  at  the  beginning  of  my  work,  as  was  proper, 
I  think — "a  series  of  operations  performed  upon  and  by  a  cer- 
tain gas."  I  do  not  consider  any  machine  involved  in  it  at  all. 
If  a  machine  is  constructed  to  carry  out  a  certain  series  of  opera- 
tions upon  perfect  gas,  or  with  a  perfect  gas,  then  1  say  that 
machine  operates  on  that  cycle.  I  am  not  considering  the  cycle 
as  being  represented  by  the  machine,  but  the  machine  acciden- 
tally carrying  out  the  cycle  ;  and  every  other  machine  that  may 
be  represented  as  carrying  out  the  cycle  I  will  classify'  with  it. 
The  c\'cle  is  a  series  of  operations  performed  upon  a  perfect  gas 
or  b}'  the  perfect  gas.  Consider  the  gas  alone;  then,  in  thermal 
operations  of  expanding  and  compressing,  heating  and  cooling,  it 
makes  no  difference  whether  those  are  done  in  one  cjdinder  or  in 
two  cylinders  so  far  as  m\'  definition  of  the  cycle  is  concerned. 
And  that  seems  to  be  the  main  objection  to  the  agreement  be- 
tween the  Diesel  and  the  Otto,  as  shown.  The  Diesel  engine 
compresses  in  one  cylinder  and  expands  in  the  same  cylinder. 
The  Brayton  engine  compresses  in  one  c^'linder  and  expands  in 
another.  So  far  as  the  mass  of  gas  is  concerned,  it  makes  abso- 
lutely no  difference  which  j'ou  do,  for  in  each  case  two  constant- 
pressure  lines  between  two  adiabatics  may  be  obtained.  I  con- 
sider them  to  be  the  same  cycle,  and  I  think  that  is  our  chief 
disagreement. 

Mr.  Frith. — I  think  that  is  so. 

Mr.  Luclce.* — This  work  is  not  presented  as  the  solution  of  the 
heat-engine  problem,  but  onl}'  as  a  report  of  some  years  of  very 
careful  work  in  the  field  ;  and  it  is  hoped  the  contribution  is  not 
valueless  in  clarifying  to  some  extent  the  nature  of  the  questions 
involved. 

*  Author's  closure,  under  the  Rules. 
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TOPICAL  DISCUSSIOyS  AXD  NOTES  OF  EXPERIENCE. 

No.  144. — "What  Does  it  Cost  to  Eun  Trains  at  High 
Speed  ?  "  t 

1.  Prof.  F.  R.  Huttuii. — At  a  meeting  of  the  Western  Eailway 
Club  in  January,  1000,  a  resolution  was  passed  requesting  the 
American  Society  of  Mechanical  Engineers  to  have  the  above 
matter  "  brought  up  for  consideration  and  discussion  in  as 
thorough  and  complete  a  way  as  they  may  think  fit  '  The  Publi- 
cation Committee  believing  that  the  subject  was  of  broad  interest 
to  Mechanical  Engineei-s,  have  directed  that  the  reqiiest  of  the 
Western  Railway  Club  be  carried  out  by  making  this  subject 
a  topical  query,  with  an  Inti'oduction  by  the  Secretary  which 
should  present  the  summary  of  the  original  paper  of  Mr.  F.  A. 
Delano,  together  with  references  to  the  discussion,  which  was 
held  at  the  meeting  in  Chicago,  January  16th. 

2.  Mr.  Delano's  paper  groiij^s  the  items  in  the  costs  of  ojjera- 
tiou,  which  are  increased  with  high  speeds,  into  the  following 
six  headings : 

First. — Increased  fuel  consumption. 

Second. — Higher  grade  or  standard  of  machinery,  matei'ial 
and  service  i-equired  for  extra  fast  trains. 

Third. — Increased  wear  and  tear  ;  cost  of  maintenance  of 
machinery,  permanent  way,  etc. 

Fourth. — Increased  risk  of  accident  by  breakage  of  machinery, 
injui-y  to  track,  etc. 

Fifth. — Increased  risk  of  accident,  such  as  collisions  with 
other  trains  and  the  risks  which  have  to  be  taken. 

*  Presented  at  the  New  York  meeting  (December,  1901)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the 
Transactions. 

f  For  previous  di.scussions  on  this  topic  consult  I'ransactions  as  follows  : 
No.  .55,  vol,  ii.,  p.  524:  "  Railroad  Economics."    S.  W.  Robinson. 
No.  48.5,  vol.  xiii.,  p.  3.59  :  "  The  Electric  Railway  as  Applied  to  Steam  Roads. 

B.  .T.  Dashiell. 
Also,  Railway  Master  Mechanic,  July,  1901,  p.  212. 
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Sixth. — Delay  to  traffic  on  account  of  keeping  the  road  clear 
for  the  high-speed  trains. 

3.  As  expanded  by  Mr.  Delano,  the  considerations  advanced 
under  each  heading,  cover  the  following  points: 

First. — An  accepted  formula  for  train  resistance,  expressed 

in  pounds  per  ton,  which  is  in  use  by  the  Baldwin  Locomotive 

V 
Works,  is  in  the  form  7?  =  3  +7.,  in  which  V  is  expressed  in 

miles  per  hour.  Therefore  at  30  miles  the  train  resistance  would 
be  represented  by  8,  while  at  CO  miles  it  would  be  represented 
by  13.  Hence  an  increase  from  30  to  00  miles  per  hour  would 
raise  the  fuel  'consumption  for  power  on  the  basis  of  5  over  8, 
which  is  62^  per  cent.  Mr.  Delano  observes,  however,  that  the 
increased  fuel  consumption  per  car  or  per  ton,  is  greater  than 
this.  In  confirmation  he  calls  attention  to  the  fact  that  the 
class  of  engines  which  10  years  or  so  ago  handled  trains  of  10 
or  12  cars  successfully,  on  many  of  our  trunk  lines,  are  now 
in  use  on  branch  and  light  service  only,  and  notes  furtliermore 
the  fact  that  engines  of  more  than  twice  the  power  do  not  handle 
trains  of  equal  length.  Professor  Goss  calls  attention  to  the 
fact  that  power  is  not  alone  tractive  power,  but  is  the  product 
of  tractive  power  into  space  passed  over,  and  that  taking  the 
hour  as  the  iinit,  the  power  in  the  two  cases  will  be  the 
proportion  of  8x30  to  13x60,  which  is  the  ratio  of  8  to  26. 
This  means  therefore  a  percentage  increase  of  power  of  18  on 
the  basis  of  8,  which  is  225  per  cent. 

This  is  further  confirmed  by  the  comparison  of  the  present 
engine  with  the  older  engine,  which  shows  the  increase  to  be  in 
boiler  capacity,  much  more  rapidly  than  in  cylinder  volume. 

4.  Mr.  Delano's  second  point  is  intended  to  cover  the  extra 
expense  which  is  incidental  to  the  standard  imposed  by  high- 
speed work  in  preparing  the  brasses,  in  burnishing  journals,  in 
using  special  grades  of  waste  and  oil,  and  in  selecting  coal.  The 
locomotive  itself  is  also  taken  in  hand  by  the  best  and  most 
expensive  mechanics  and  in  the  Maintenance  of  Way  Depart- 
ment, the  standard  set  by  the  high-speed  service,  brings  the 
whole  stafi"  up  to  concert  pitch. 

5.  Mr.  Henderson  in  the  discussion  spoke  of  the  precautions 
which  they  had  had  to  take  on  the  Chicago  and  Northwestern, 
either  in  picking  over  the  coal  to  get  out  slate  and  dust,  and 
latterly  in  the  use  of  forks  for  loading  tenders,  so  that  the  fine 
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stuif  would  be  tbrowu  out  and  only  tlie  selection  tossed  into  the 
bin.  He  further  calls  attention  to  the  tendency  to  use  excess  of 
oil,  both  under  cars  and  on  the  engine  itself. 

The  third  point  is  proved  by  the  evidence  where  records  of 
engines  and  boilers  are  kept.  It  has  been  found  that  the  fail- 
ures in  passenger  service  are  much  greater  in  relation  to  train 
haulage,  than  the  failures  in  freight  service. 

Furthermore,  a  new  piece  of  ti-ack  often  receives  damage  from 
a  heavy  engine  hauling  a  high-speed  train,  while  it  has  stood 
up  satisfactorily  under  a  number  of  heavy  slow-moving  trains. 
Where  the  locomotive  engineer  is  a  believer  in  the  injury  done 
to  rails  and  substructure  from  the  hammer  blow  of  the  counter- 
weight, it  is  apparent  that  the  high-speed  engine  would  have 
much  more  effect  than  the  slower  moving  engine  of  greater 
tractive  power,  with  a  less  path  described  by  the  counter- 
weight in  its  single  revolution. 

0.  Fourth. — The  consequences  of  an  accident  either  to  ma- 
chinery or  track  at  high  speed  are  much  more  serious  both  in 
the  money  loss  and  in  the  moral  effect  of  such  accident  than 
those  which  occur  to  slow-moving  freight  trains.  While  it  is 
time  that  eternal  vigilance  has  reduced  such  accidents  to  com- 
parative infrequency  they  cannot  be  entirely  removed. 

Fifth. — The  fifth  section  includes  not  only  the  disaster  of  a 
collision,  but  further  losses  in  indirect  ways.  Suppose  a  freight 
train  has  a  certain  limited  time  to  get  in  on  a  side  track,  to 
clear  the  way  for  a  high-speed  train  which  needs  the  track. 
There  may  be  a  hot-bos  on  the  train  requiring  attention,  but, 
with  the  limited  time  left  to  them,  the  box  is  allowed  to  go  with 
possibly  fatal  results.  It  is  the  high-speed  trains  which  are 
responsible  for  the  expensive  block  and  signal  systems. 

7.  Under  the  sixth  head  Mr.  Delano  points  out  that  it  has  been 
an  axiom  of  the  railroad  managers  that  the  way  to  do  a  maximum 
business  over  a  piece  of  railroad  is  to  have  all  trains  moving  at 
as  nearly  a  uniform  rate  of  speed  as  possible.  A  steam  road 
handling  long  trains  at  intervals  which  are  determined  by  the 
speed  of  the  intermediate  slow  trains,  cannot  begin  to  do  the 
business  which  is  done  by  a  slow-moving  sti'eet  car  line,  or  ele- 
vated railroad  with  its  frequent  trains.  The  slow  train  may 
either  follow  the  fast  train,  or  a  fast  train  follow  a  slow  one.  In 
either  case  there  is  a  gap  behind  or  before  the  slo^  train,  during 
which  time  the  railroad  is  unoccupied  and  earning  no  money. 
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This  expense  of  operating  the  high-speed  train  is  cliificult  to 
arrive  at,  yet  must  be  fairly  considered  in  treating  the  subject. 
8.  In  the  discussion  of  Mr.  Delano's  paper,  Mr.  F.  H.  Clark,  of 
the  Chicago,  Burlington,  and  Quiucy  Eailroad,  jsresented  a 
tabular  result  in  the  following  form : 


A 
B 

c 

D 


6.76 
6.24 
2.95 

3.88 


Speed. 

No. 
stops. 

Mileage. 

Coal  Used— Tons. 

Train. 

Car. 

Total. 

Per  Day. 

Per  Car. 

31.33 
35.70 
45.40 
48.00 

18 
8 

7 

7 

34,480 
34,480 
34.480 
34,100 

233,803 
315,110 
101,525 
132,240 

1,151.8 
1,111.4 
1,091.7 
1,274.1 

6.36 
6.14 
6.03 
7.13 

170.38 
176.11 
369.88 
328.35 

This  result  seemed  to  substantiate  Mr.  Delano's  suggestion 
that  for  an  increase  of  speed  of  about  53  per  cent,  there  was  an 
increase  in  coal  consumption  of  92  per  cent. 

9.  E.  E.  R.  Tratmau  presented  a  series  of  figures  with  the 
suggestion  that  these  were  averages  only,  but  if  similar  figures 
could  be  secured  for  faster  or  limited  trains  exclusively,  they 
might  lead  to  changes  and  economies. 


Rei)iur.s  autl  supplies  for  engines  and  tenders,  per  mile  run 4, 

Engineer,  fireman,  wipers,  etc.,  per  mile  run 7 

Oil,  waste,  and  taliow.  per  mile  run 0, 

Fuel,  per  mile  run 6 

Total  cost  per  mile  ruu  by  engines 18. 

Run  per  ton  o  f  coal 22 

Run  per  pint  of  oil    15 . 

Run  per  pound  of  waste 183 , 

Cars  per  passenger  train 4 . 

Cars  per  freight  train  (loaded) 16. 

"      •■        "          "      (total) 22, 

Repairs  of  locomotives  per  mile  ruu 3 

Engineer,  firemen,  and  wipers,  per  mile  run 0, 

Oil,  tallow,  and  waste,  per  mile  run 0 

Fuel,  per  mile  run 5 

Run  per  ton  of  coal 28 

Cars  per  passenger  train 4 

Cars  per  freight  train 20 

Repair  of  locomotives  per  revenue  train-mile 5 

Repair  of  cars  per  revenue  train-mile 7. 

Station  service  "         "            "        "    11 

Train          '•        •*         "            "        "    7 

liOComotive  service  per  revenue  train-mile 8 


66  cents 

29     " 

23      " 

35      " 

53     " 

84  miles 

40     " 

93     '■ 

75  cars 

87     •' 

92     " 

25  cents 

87     " 

16     " 

96     " 

78  miles 

95  cars 

.18      " 

60  cents 

97     " 

25     " 

23     '■ 
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Train  and  station  supplies  per  revenue  train-mile 2.01  cents 

Fuel  per  revenue  train-mile 9.44     " 

Oil  and  waste  per  revenue  train-mile 0.47     " 

All  other  expenses  per  revenue  train-mile 44.66     " 

Total  operating  expenses  per  revenue  train-mile 97.23     " 

lu  connectiou  with  these  statements,  Mr.  Delano  mentioned 
a  statement  which  had  been  made  to  him,  that  instead  of 
about  a  $1  a  train-mile  tlie  cost  of  running  limited  trains  was 
nearly  .$2.  The  figure  given  in  the  Interstate  Commerce  Report 
adds  to  the  ninety-seven  cents,  taxes,  interest,  and  other  fixed 
charges,  wliich  brings  the  figure  to  $1.47,  and  that  it  would  not 
be  a  very  considerable  increase  in  the  elements  covered  by  his 
enumeration,  which  would  raise  the  figure  to  $2. 

3Ir.  TVilfrccl  Zewis. — I  would  like  to  ask,  if  there  is  any  repre- 
sentative of  the  Baldwin  Locomotive  "Works  here,  on  what  data 

I')    _ 

friction  in  starting  is  about  15  per  cent.,  and  when  the  velocity 
is  reduced  to  zero,  the  train  resistance  ought  to  be  about  50 
pounds  to  the  ton  for  journals  one-sixth  the  diameter  of  the 
wheels ;  but  the  formula  suggested  gives  only  three  pounds  to 
the  ton,  indicating  less  than  one  per  cent,  journal  friction  in 
starting.  It  would  be  interesting  to  know  upon  what  data  that 
formula  was  based,  and  whether  it  has  not  been  superseded, 
because  the  principal  elements  which  go  to  make  up  train 
resistance  at  constant  speed  on  a  straight  and  level  track  are 
journal  friction  and  air  resistance,  and  any  formula  which 
attempts  to  express  the  resistance  of  a  moving  train  must  com- 
bine the  laws  of  journal  friction  and  air  resistance. 

It  is  well  known  that  journal  friction  decreases  with  increase 
in  speed,  and  air  resistance  is  generally  believed  to  depend 
upon  the  square  of  the  velocity,  and  not  ujion  the  velocity  direct, 
as  indicated  by  the  proposed  formida. 

2fr.  George  L.  Foioler. — I  am  not  a  representative  of  the  Bald- 
win Locomotive  Works,  but  it  is  my  impression  that  that  for- 
mula was  based  on  the  results  of  a  long  series  of  very  careful 
experiments  which  were  conducted  by  the  Baldwin  Locomotive 
Works  on  the  trains  of  the  Philadelphia  and  Eeading  Railroad 
between  Camden  and  Atlantic  City.  The  formula  gives  results 
somewhat  less  than  the  formula  which  is  known  as  that  of  the 
Engineering  News,  which  was  adopted  by  Mr.  Wellington,  and 
18 
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somewhat  higher  than  a  formula  which  was  developed  by  Mr. 
Daniel  Barnes,  who  was  formerly  a  member  of  the  Society  and 
a  resident  of  Chicago.  The  results  obtained  by  the  Baldwin 
Locomotive  Works  were  the  results  of  both  dynamometer  and 
indicated  tests. 

I  may  add  that  all  these  formulas  of  the  Engineering  JVeirs,  Mr. 
Barnes,  and  the  Baldwin  Locomotive  Works  give  results  very 
considerably  lower  than  does  the  old  Clark  formxUa.  . 

Mr.  L.  R.  Pomeroy. — In  looking  over  the  report  made  to  the 
Master  Mechanics'  Association  by  Mr.  Delano,  the  General 
Manager  of  the  C.  B.  &  Q.  Railroad,  I  noticed  that  the  costs 
given  which  could  be  definitely  located  showed  an  increase  in 
coal  consumption  due  to  speeding  iip  the  trains. 

The  test  referred  to,  described  in  the  report,  was  made  by  Mr. 
Bush,  S.  M.  P.  of  the  C.  M.  &  St.  P.  R.  R.,  between  Milwaukee 
and  La  Crosse,  with  trains  similar  in  every  respect.  The  speed 
was  increased  !l5  per  cent.,  yet  the  increase  in  fuel  consumption 
was  but  14  j^er  cent.,  this  being  the  only  item  which  could  be 
definitely  located.  Most  of  the  other  elements  in  the  case  were 
at  best  but  approximations  or  shrewd  guesses. 

The  fact  suggests  one  point  which  has  not  been  touched  upon ; 
namely,  that  tlie  total  cost  for  locomotive  ftiel  is  so  small  a  per- 
centage of  the  total  cost  of  operation,  that  any  increase  in  coal 
consumption  would  make  a  very  slight  showing  in  the  total  cost 
of  operating,  and  would  be  not  worth  mentioning.  For  example, 
the  total  cost  of  fuel  is  about  7  per  cent,  of  the  total  cost  of 
operation  per  train  mile.  Suppose  it  cost  50  per  cent,  per 
train  mile  more  for  fuel  to  run  fast  trains,  this  increase  would 
only  amount  to  an  increase  of  3  per  cent,  per  train  mile  in  the 
total  cost  of  operation  ;  and  likewise  with  repairs,  which  amount 
per  train  mile  to  only  4.7  per  cent,  of  the  total  cost  of  opera- 
tion. 

The  CJiainnan. — If  there  is  no  further  discussion  we  will  take 
up  the  next  topic. 

2Ir.  II.  S.  Haines. — I  do  not  like  to  see  this  important  subject 
passed  by  in  a  perfunctory  way,  for  it  is  a  matter  of  great  prac- 
tical value  in  the  operation  of  railways  to  know  what  it  costs  to 
run  trains  at  high  speeds.  I  observed  the  title  of  this  topic 
with  great  interest,  and  regretted  when  I  looked  through  the 
discussion  to  find  that  there  was  so  little  of  practical  value  in  it. 
If  this  is  to  go  forth  as  an  authoritative  expression  of  the  views 
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of  this  Society,  I  fear  that  it  will  make  an  impression  on  the 
minds  of  those  who  read  the  discussion  that  its  members  know 
little  about  it,  or  are  cautious  a1)out  letting  the  public  have 
the  benefit  of  their  experience  and  information.  I  think  that 
the  discussion  would  have  been  more  profitable  if  the  question 
had  stated  a  little  more  definitely  what  is  meant  by  high  speed. 

Trains  on  a  railroad  have  to  run  at  certain  speeds.  The 
question  is,  what  is  the  ordinary  rate  of  speed  of  a  passenger 
train,  and  what  does  it  cost  to  accelerate  that  speed  ?  Then, 
what  are  the  items  which  properly  enter  into  the  cost  of  that 
acceleration  ?  If  we  are  to  accept  the  items  as  expressed  in 
paragraph  2  of  this  statement,  we  may  ask  as  to  "increased 
hml  consumption,"  over  what  ordinary  rate  of  consumption,  and 
apply  the  same  question  to  several  of  the  succeeding  items.  If 
we  seek  a  formula  applicable  to  greatly  accelerated  rates  of 
speed,  we  want  something  more  than  so  simple  a  formula  for 
train  resistance.  I  even  find  that  the  formula  given  here  for 
train  resistance  is  not  recognized  in  this  Society  as  authorita- 
tive. There  are  references  made  to  other  formulas  with  which 
I  am  not  familiar.  My  experience  in  such  matters,  extending 
over  many  years,  has  been  of  a  practical  character,  and  therefore 
I  appreciate  the  value  of  foi-mulas  applicable  to  the  cost  of 
accelerated  train  speed,  if  given  in  such  a  way  as  to  be  of  prac- 
tical use.  For  this  purpose  it  wouUl  be  going  very  far  afield  to 
use  the  figures  of  the  Interstate  Commerce  Report,  for  I  doubt 
if  any  railroad  manager  would  include  taxes,  interest,  and  fixed 
charges  in  ascertaining  the  cost  of  train  service.  If  this  discus- 
sion is  to  be  jDublislied,  let  it  contain  something  of  value,  or  at 
least  something  which  will  lead  to  further  discussion  in  technical 
periodicals  and  in  other  societies  that  are,  perhaps,  more 
directly  interested  in  the  subject. 

There  is  another  aspect  of  this  subject  which  is  of  greater  value 
to  this  countiy  as  a  whole ;  that  is,  to  ascertain  tlie  most  eco- 
nomical rate  of  sj^eed  for  freight  service.  I  assure  you  that  it  is 
of  much  more  value  than  to  ascertain  the  cost  of  running  passen- 
ger trains  at  high  speed,  for  such  speed  is  due  to  competition 
between  railroad  companies  in  which  the  cost  of  accelerating 
the  speed  is  disregarded.  I  will  express  the  problem  which  I 
have  in  mind  in  its  simplest  form  : 

Suppose  a  perfectly  level  railroad,  100  miles  long,  with  an 
unlimited  number  of  loaded  cars  at  one  end.     What  is  the  most 
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economical  rate  of  speed  at  wliicli  such  tonnage  can  be  moved  to 
the  other  terminus  ?  It  is  a  very  simple  question  as  I  have  put 
it ;  but,  when  you  anaylize  it,  you  will  find  that  it  involves 
many  conditions  with  which  I  will  not  take  up  your  time.  I 
had  occasion,  in  another  society,  to  discuss  the  question  of  rail- 
road competition  Avith  the  Erie  Canal,  and  found  such  a  lack  of 
information  as  to  the  most  economical  rate  of  speed  for  moving 
grain  by  rail  from  Buffalo  to  New  York,  that  I  thought  the 
subject  could  be  discussed  with  profit,  not  only  to  the  railroads 
interested,  but  also  to  those  who  would  be  benefited  by  cheap 
grain  rates  from  the  Western  grain  fields  to  the  Atlantic  sea- 
board. 

3Ir.  if.  N.  Forney. — This  is  a  subject  about  which  I  have 
thought  a  good  deal,  and,  as  Mr.  Haines  said,  it  is  an  extremely 
complicated  one.  Of  course,  the  condition  of  the  road  is  a  very 
important  consideration.  With  a  poorly  ballasted  road  and  with 
light  rails,  running  at  high  rates  of  speed  is  very  expensive. 
The  size  of  the  engine,  too,  is  an  important  factor.  Witli  an 
engine  big  enough  to  make  siifficient  steam  and  to  handle  the 
trains  easily,  you  can  make  a  higher  rate  of  speed,  economically, 
than  you  can  with  smaller  engines  which  you  are  obliged  to 
force.  But  the  most  imjjortaut  considerations,  I  think,  are  the 
other  incidental  expenses. 

It  used  to  be  true  that  the  wages  of  engineer  and  fireman  on 
trains  was  about  equal  to  the  expenditure  for  fuel,  on  roads  on 
which  fuel  was  cheap.  Recently  the  very  great  increase  in  train 
loads  has  probably  reduced  the  expense  of  engineer  and  fireman 
relatively  to  the  fuel,  and  now  we  can  readily  see  that  if,  in  one 
case,  a  train  is  run  at  15  miles  an  hour,  and  in  another  is  run 
at  3(1  miles  per  hour,  at  an  increase  of  5  per  cent,  for  fuel,  that 
in  the  first  instance  the  cost  of  train  service  is  doubled,  because 
the  men  are  on  the  road  twice  as  long  at  the  slow  rate  of  speed 
as  they  would  be  if  they  were  going  at  the  higli  rate  ;  so  that 
the  additional  cost  for  train  service  is  greater  than  the  saving 
in  fuel.  The  cost  of  train  service  is  a  very  important  item,  and 
one  which  is  very  often  lost  sight  of. 

I  regret  that  I  did  not  prepare  myself  to  say  something  better 
worth  listening  to,  but  must  confess  that  I  have  not  read  the 
paper. 

Mr.  Carl  G.  BartJi.—Ou  the  mathematical  side  of  this  matter, 
it  may  be  well  to  suggest  the  futility  of  attempting  to  determine 
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with  mucli  uicetj-  the  maximiim  or  minimum  vahie,  as  the  case 
may  be,  of  a  function  which  depends  on  so  many  variables  whose 
values  can  be  ascertained  with  only  a  limited  degree  of  accuracy. 

In  a  considerable  field  about  the  maximum  or  minimum 
value,  such  a  fiinction  usualh'  varies  but  little,  so  that  all  that 
it  is  possible,  or  indeed  desirable,  to  do,  is  to  ascertain  this 
field  within  which,  the  true  maximum  or  minimum  value  lies, 
and  within  which  the  function  does  not  vary  greatly  from  that 
maximiim  or  minimum. 

Now,  in  the  case  of  transportation — both  of  passengers  and 
goods — speed  is  certainly  a  desideratum  aside  from  the  question 
of  mere  economy ;  so  that,  on  the  whole,  it  appeal's  to  me  that 
the  true  question  is  :  How  fast  can  we  run  our  trains  without 
overrunning  the  strict  economy  limit  to  an  extent  that  will 
actually  count  ? 

No.  145.— Some  Peculiarities  of  Springs.     A  Spring  Testing 
Machine.* 

10.  3Ir.  Stephen  W.  Baldwin. — "When  a  coiled  spring  is  put 
under  a  car  or  similar  vehicle,  the  character  of  the  loading,  or 
impact,  on  the  spring  is  often  such  that  the  load  is  suddenly 
applied,  and  then  suddenly  released.  The  tendency  of  the 
spring  is  to  cause  the  body  of  the  vehicle  to  "  teeter,"  until  the 
efi'ect  of  the  applied  load  successively  compressing  the  spring 
and  allowing  it  to  release  itself  is  diminished  by  the  disappear- 
ing of  the  vibrations.  The  flat,  or  leaf  spring,  as  applied  iiuder 
carriages,  locomotives,  and  elsewhere,  by  reason  of  the  iViction 
of  the  leaves  upon  each  other,  does  not  produce  this  same 
teetering  efi'ect,  and  for  this  reason  is  a  preferable  type.  The 
room  which  the  flat,  or  leaf  spring  occupies,  and  its  greater 
weight  and  cost,  are  the  objections  to  its  use.  It  would  obvi- 
ously, therefore,  be  an  advantage  if  a  coil  spring  could  receive 
from  without  some  effect  similar  to  the  friction  of  the  leaves  on 
each  other,  whereby  an  impedeuce  of  its  tendency  to  teeter 
could  be  caused,  and  its  vibration  could  be  made  to  conform 
more  nearly  to  that  of  a  leaf  spring  ;  with  this  attainment  there 
are  secured  the  advantages  of  less  cost,  weight,  and  room  re- 
quired, all  of  which  are  important. 

*  For  furtlier  discussions  on  this  subject,  see  references  with  Paper  No  92.j 
presented  at  the  Isew  York,  December,  1901,  meeting. 
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11.  It  lias  recently  been  observed  by  a  firm  of  spring  makers 
that  a  testing  machine  for  springs  could  be  devised  whereby  the 
application  of  the  load  upon  a  level',  which  was  counterbalanced 
by  the  spring,  would  cause  that  lever  to  trace  the  ordinates  of  a 


Pig.    120.— Diagram   fbom    Flat 
Leap   Spking. 


-Diagram  from  Coiled 
Spuing. 


Fig.  121. — Diagram  from  Improved 
Coil  Spring.  It  will  be  Noted 
this  Diagram  is  very  like  that 
OF  Fig.  120,  Flat  Leaf  Spring. 


curve,  the  paj^er  being  moved  transversely  at  right  angles  to 
these  ordinates  while  the  lever  was  vibrating.  Fig.  119  shows  the 
diagram  from  a  coiled  spring  of  the  ordinary  sort  tested  in  this 
way.  It  would  appear  from  the  character  of  the  diagram  and 
the  method  whereby  its  lines  were  drawn,  that  the  curve  through 
the  extremities  of  these  ordinates  should  be  of  a  hyperbolic 
form.  The  height  of  the  ordinates  appears  to  vary  inversely  as 
the  abscissas  which  are  proportionate  to  the  times.     The  mathe- 
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matical  analysis  which  brings  out  this  result  is  aside  from  the 
present  purpose,  but  it  will  be  ajipareut  that  the  stiffer  the 
spring  the  less  will  be  the  amplitudes  of  the  vibrations,  and 
that  the  greater  the  deformations  the  longer  it  will  be  before 
the  spring  comes  to  rest.  It  would  appear,  therefore,  tliat  as  a 
spring  lost  its  life,  in  the  technical  sense  of  that  word,  the  form 
of  the  diagram  would  alter. 

12.  Two  practical  questions  are  therefore  suggested  by  this 
method  of  testing  and  the  diagrams  which  it  presents.  The 
first  is :  Can  the  adaptability  of  a  steel  for  spring  purposes, 
either  as  the  result  of  its  chemical  constitution  or  its  heat  treat- 
ment, be  inferred  from  the  form  of  the  diagram  which  it  woidd 
give  when  tested  by  this  method,  and  by  the  making  of  such  a 
record  ?  Second  :  Would  the  modification  of  the  diagram  caused 
by  fatiguing  a  spring  by  test  in  the  oixlinary  type  of  impact 
machine  give  a  further  and  satisfactory  indication  as  to  the 
wisdom  and  adaptability  of  a  certain  manufacturing  process  or 
quality  for  springs?  It  is  believed  that  the  scientific  question, 
resting  so  closely  iipon  a  practical  basis,  which  is  involved  in 
the  foregoing  discussion,  should  bring  out  interesting  resiilts. 

13.  The  diagram  which  is  shown  in  Fig.  120  is  a  reprodiiction 
of  the  form  of  diagram  from  a  flat,  or  leaf  spring,  where  applied 
friction  impedes  the  tendency  to  vibrate.  Not  only  is  the  num- 
ber of  vibrations  much  less,  but  the  time  covered  and  the  space 
passed  over  by  them  are  noticeably  less. 

The  improved  coil  spring,  an  action  diagram  of  which  is 
shown  in  Fig.  121,  is  made  as  shown  in  Fig.  122. 

Two  flat  steel  jilates,  about  jc,  of  an  inch  thick  and  of  a  width  a 
little  more  than  the  outside  diameter  of  the  spring,  are  bent  U 
shape.  These  plates  are  made  of  moderately  high  carbon  steel 
and  are  tempered.  One  slips  over  the  top  and  the  other  the 
bottom  of  the  spring,  the  ends  lapping  past  each  other  about  4 
inches.  The  top  plate  is  formed  to  receive  the  load  in  the 
centre,  producing  a  tendency  to  open  or  spread  apart  the  lower 
ends  of  the  plate. 

The  lower  plate  is  formed  to  receive  the  load  near  the  outer 
sides,  producing  a  tendency  to  close  the  upper  ends  of  this  plate 
against  the  lower  ends  of  the  top  plate. 

In  this  way  a  riibbing  friction  is  produced  which  has  much 
the  same  effect  as  the  friction  between  the  plates  of  a  leaf  spring, 
with  the  result  that  the  action  and  diagram  of  this  spring  are 
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very  like  the  action  and  diagram  of  a  leaf  spring,  which  is  the 
object  sought. 

Thns  the  action  of  a  leaf  spring  is  secured  by  the  improved 
coil  spring  at  a  lower  first  cost,  less  weight,  and  less  require- 
ment for  room,  all  of  which  are  important  objects  to  attain. 

It  would  seem  that  by  the  use  of  the  testing  machine  and 
diagrams,  the  spring  maker  and  spring  user  have  a  means  at  hand 
to  easily  make  tests  and  graphic  records  showing  the  effects  of 
different  form  of  sjirings,  different  working,  grade  of  steel,  the 
action  of  old  springs  as  compared  to  new,  and  thus  secure  much 
valuable  information  for  both  maker  and  user. 

Mr.  Albert  A.  Gary. — In  considering  the  motion  of  a  mass,  if  we 


find  that  after  a  certain  definite  period  of  time  the  mass  always 
returns  to  the  same  position,  and  if  we  find  this  mass  at  the 
times  of  observation  always  moving  in  the  same  way,  we  have 
what  is  defined  by  physicists  as  a  simple  harmonic  motion. 

To  apply  this  definition  to  the  case  before  us,  let  us  draw  a 
horizontal  line  through  the  vertical  ordinates  shown  in  Fig.  119, 
so  that  it  will  pass  through  the  recorded  point  where  the  oscil- 
lating motion  of  the  spring  finally  ceases.  By  measuring  the 
distance  from  one  ordinate  to  the  next  alogn  this  line  we  will 
find  an  almost  uniform  distance  of  j\-  of  an  inch  or  s^  of  an  inch 
where  every  second  ordinate  is  measured,  and  whatever  varia- 
tion is  found  in  this  measurement  can  doubtless  be  attributed 
to  inability  of  the  recording  device  used  to  accurately  write  an 
exact  record  of  the  oscillating  motion.     The  horizontal  line  just 
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described,  represents  the  position  of  tlie  weight  ( Jf)  used  to  load 
the  spring  when  it  is  at  rest,  as  shown  in  Fig.  124. 

Now  let  us  load  the  spring  shown  in  Fig.  12-4  until  the  weiglit 
[W]  descends  to  the  position  shown  in  Fig.  12o.  The  moment 
we  suddenly  release  this  added  weight,  the  just  previous  statical 
condition  is  lost,  and  the  elasticity  of  the  sjDring  draws  the 


Fig.  124. 


weight  back  to  its  former  position,  as  shown  in  Fig.  124 ;  but  as 
W  when  reaching  this  position  possesses  kinetic  energj-,  it  con- 
tinues its  upward  movement  until  this  energy  is  expended,  when 
the  weight — which  in  this  last  position  (see  Fig.  123)  possesses 
potential  enei'gy — descends,  and  on  reaching  the  position  shown 
in  Fig.  124  has  acquired  new  kinetic  energy  sufficient  to  carry 
it  downward  again  toward  the  position  shown  in  Fig.  125, 
whence  it  starts  uj^ward  again,  as  has  just  been  described  ;  thus, 
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with  alteruating  conditions  cf  kinetic  and  potential  energy,  the 
weight  continues  to  oscillate  up  and  down,  as  we  have  seen 
illustrated  iu  Fig.  119.  As  has  been  shown  from  Fig.  119,  the 
weight  (  JF)  passes  its  position  of  rest,  i.e ,  where  it  would 
remain,  under  statical  conditions,  as  shown  in  Fig.  124,  at 
exactly  equal  intervals  of  time,  as  indicated  by  measurement 
along  the  horizontal  line,  and  therefore  we  have  a  simple 
harmonic  motion. 

Now  consider  another  example  of  simple  harmonic  motion  as 
found  in  a  vibrating  pendulum.  Suppose  we  take  a  position 
so  that  our  eye  is  directly  beneath  the  centre  of  the  "  bob  " 
when  hanging  at  rest,  as  at  U  (Fig.  126) ;  then  by  looking  up- 
ward when  the  pendulum  is  vibrating  we  shall  see  the  "  bob  " 
apparently  moving  backward  and  forward  in  a  straight  line  from 
TT^to  ir'  on  the  opposite  sides  of  its  statical  position  of  rest 
(C*),  in  precisely  the  same  manner  that  our  spring  weight  moved. 
According  to  the  well-known  first  law  of  motion,  this  pendulum, 
after  once  beginning  to  vibrate,  would  continue  to  move  forever 
through  its  original  amplitiide,  if  it  were  not  acted  upon  by  re- 
tarding forces.  But,  due  to  friction  at  the  point  of  suspension  and 
the  resistance  of  the  air  through  which  the  pendulum  moves,  the 
amplitude  through  which  tlie  pendulum  swings  gradually  de- 
creases, although  the  time  of  oscillation  remains  constant,  until 
finally  the  pendulum  comes  to  rest ;  and  an  autographic  record 
of  its  motion,  had  it  been  traced  from  the  ''  bob  "  on  a  sheet 
of  paper  moving  upward  behind  the  "bob,"  would  produce  a 
series  of  lines  practically  identical  with  that  shown  in  Fig.  119. 

"What  I  have  said  about  the  pendulum  applies  directly  to  the 
spring.  After  once  being  set  iu  motion,  the  weighted  spring- 
would  forever  continue  to  oscillate  were  it  not  for  the  opposing 
forces  of  friction  of  the  air  and  other  resistances.  One  of  these 
resistances  to  oscillation  in  the  helical  spring  is  largely  due  to 
the  manner  in  which  its  ends  are  supported,  which  methods  of 
support  prevent  the  bar  or  wire  composing  the  spring  from 
turning  freely  around  its  own  axis  torsionally. 

A  helical  spring,  either  for  extension  or  compression  in  order 
to  be  theoretically  perfect  in  its  application,  should  have  the 
bar  or  wire  composing  it  held  securely  at  one  end,  and  this  bar 
should  be  allowed  to  turn  freely  about  its  own  axis  from  its 
secured  end  to  the  opposite  free  end,  the  same  as  a  perfectly 
suspended  shaft  twists  torsionally  from  one  (the  driven)  end  to 
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the  other  (driving)  eucl.  Such  au  ideal  condition  is  much 
further  departed  from  in  springs  which  resist  compression  than 
in  those  resisting  extension.  In  compression  springs  we  often 
find  both  ends  broadly  flattened  and  ground  off  square,  so  that 
under  load  not  only  one  but  both  ends  of  the  bar  are  secured 
fi'om  torsional  turning.     The  upper  squared  end  thereby  tends 


-T^Wt- 


to  check  the  torsional  movement  in  the  bar  and  thus  restrain 
the  oscillating  movement.  The  effect  of  this  securing  both  ends 
of  a  compression  spring  is  to  transfer  all  torsional  movement  in 
the  bar  composing  the  spring  to  the  central  portion  [i.e.,  between 
its  ends),  the  same  as  a  shaft  is  twisted  iu  both  directions  when 
the  driving  pulley  is  placed  at  some  position  between  its  ends 
and  driven  pulleys  are  placed  one  on  each  end  of  the  shaft. 

Another  fault  frequently  found  in   the   use  of   compression 
springs  which  tends  to  check  their  free  oscillation'  is  uneven 
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loading.  When  a  spring  of  this  kind  is  in  operation,  the  centre 
of  gravity  of  its  load  should  move  directly  along  the  centre  line 
or  axis  of  the  spring,  otherwise  the  spring  will  be  unequally 
compressed  at  opposite  sides,  frequently  causing  it  to  "  buckle  " 
sideways.  The  result  of  such  uneqtial  straining  will  be  more  or 
less  material  interference  with  the  free  and  even  oscillation  of 
the  spring.  Frequently  we  find  the  ends  of  springs  carelessly 
finished,  so  that  as  the  load  is  applied  the  spring  bends  and 
buckles,  also  causing  unequal  stressing  throiighout  the  bar  of 
which  it  is  composed,  and  this  fault  will  cause  an  uneven  oscil- 
lation and  further  tend  to  retard  the  vibration. 

Another  fault  sometimes  found  in  the  application  of  compres- 
sion springs  is  that  they  are  enclosed  either  partially  or  wholly 
in  a  cylindrical  case  which  has  a  diameter  but  little  larger  than 
that  of  the  unloaded  spring.  I  have  frequently  seen  the  ends  of 
compression  springs  held  in  such  cup-like  cylinders.  As  the 
spring  is  compressed,  the  closing  of  the  coils  causes  the  diam- 
eter of  the  spi'ing  to  increase,  and  thus,  as  the  coils  rub  against 
their  enclosing  cylinders,  their  free  motion  is  retarded  materi- 
ally, especially  when  such  cylinders  grasp  the  spring  firmly 
before  the  compression  is  completed.  All  these  and  many  other 
causes  met  with  in  spring  applications  check  the  free  oscillation 
of  the  spring  and  tend  to  bring  it  more  or  less  quickly  to  a  posi- 
tion of  rest,  or,  in  other  words,  they  tend  to  destroy  the  perfect 
functions  of  the  spring. 

With  these  statements  before  us  we  are  now  ready  to  consider 
the  two  practical  questions  which  Mr.  Baldwin  says  are  sug- 
gested by  this  method  of  testing  and  by  the  diagram  j^resented. 
I  cannot  see  how  this  method  of  testing  is  of  value  to  show  the 
adaptability  of  steel  for  spi'ing  purposes,  either  as  a  result  of 
its  chemical  constitution  or  as  to  the  heat  treatment  it  has  re- 
ceived. The  chief  value  of  this  diagram  seems  to  be  in  showing 
how  far  from  perfect  the  performance  of  the  spring  is,  and  as 
the  causes  which  prevent  free  oscillation  are  removed,  to  show 
the  impi'ovement  thus  obtained.  The  nearer  this  diagram  ap- 
proaches a  series  of  vertical  ordinates  of  equal  length,  the  more 
jierfectly  the  spring  is  performing  its  function. 

There  seems  to  be  a  very  common  idea  that  by  tempering 
steel  wire  its  modulus  of  elasticity  (in  tension  or  in  torsion)  is 
changed.  This  is  a  mistake,  as  the  modulus  remains  constant ; 
but  the   most  important   change   obtained  by  tempering  is  a 
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very  material  increase  iu  the  elastic  limit  of  the  wire.  To 
illustrate  this,  should  we  take  two  pieces  of  wire  from  the  same 
coil,  and  alike  iu  all  respects,  and  test  oue  iu  a  torsional  testing 
machine  while  the  wire  is  soft,  aud  afterward  test  the  other 
piece,  which  has  been  through  a  tempering  pi'ocess,  we  shall  find 
that  the  torsional  resistance  is  identical  in  both  cases  if  tested 
under  exactly  the  same  conditions  ;  but  it  will  be  found  that  the 
angle  of  twist  which  can  be  safely  applied  to  soft  wire  test- 
pieces  before  the  elastic  limit  is  reached  is  small  compared  with 
the  angle  of  twist  which  the  tempered  piece  can  sustain  before 
its  elastic  limit  is  reached. 

Without  a  knowledge  of  these  facts,  which  I  have  proved  in  a 
number  of  tests,  many  think  that  the  torsional  resistance  for- 
each  degree  of  twist  is  considerably  greater  in  the  tempered 
piece  of  wire  than  it  is  in  the  soft  piece  within  their  elastic 
limit ;  if  this  were  true,  such  a  method  of  testing  as  is  de- 
scribed by  Mr.  Baldwin  might  give  some  information  as  to  the 
superiority  of  oue  method  of  tempering  springs  over  others. 

Again,  as  various  qualities  of  steel  are  used,  some  may  think 
that  there  is  a  change  in  the  modulus  of  elasticity.  Experi- 
ment has  not  verified  this  assumption  for  me,  but  I  have 
found  that  a  change  iu  the  amount  of  carbon  present  makes  a 
material  difi'ereuce  in  the  elastic  limit  of  the  wire  and  in  its 
ultimate  shearing  stress.  With  these  facts  before  us  I  question 
whether  the  records  obtained  from  the  testing  device  shown 
would  be  of  as  miich  value  as  records  obtained  from  a  torsional 
testing  device  such  as  I  have  used  iu  testing  the  wire  before 
the  spring  was  made. 

It  is  almost  impossible  to  make  all  springs  exactly  alike  in 
pitch,  diameter,  etc.,  and  all  variations  iu  the  spring  itself  would 
be  recorded  by  this  method  of  testing  ;  and  should  we  assume, 
for  argument's  sake,  that  variations  in  physical  and  chemical 
qualities  of  the  bar  or  wire  would  produce  a  change  in  the  shape 
of  the  diagram,  these  would  be  added  to  the  variations  produced 
by  the  dissimilarity  found  in  the  dimensions  of  different  spriugs, 
commercially  supposed  to  be  alike,  as  well  as  variations  iu  the 
method  of  loading,  which  would  be  apt  to  produce  a  misleading 
diagram. 

In  regard  to  the  second  question  suggested  by  Mr.  Baldwin, 
concerning  "  the  modification  of  the  diagram  caused  by  fatiguing 
the  spring  by  test  iu  the  ordinary  type  of  impact  machine,  giv- 
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ing  further  and  satisfactory  indication  as  to  the  wisdom  and 
adaptability  of  certain  manufacturing  process  or  quality  of 
springs,"  I  am  afraid  I  do  not  wholly  grasp  his  meaning.  In  a 
perfectly  tempered  spring,  made  in  good  proportions  and  contain- 
ing a  high  grade  of  spring  stock,  there  should  be  no  fatiguing, 
and  such  a  spring  should  have  the  same  endurance  after  being 
subjected  to  a  blow  as  it  did  before,  providing  it  has  not  been 
strained  beyond  its  elastic  limit.  Such  perfect  springs  require 
a  most  careful  process  of  manufacture,  but  I  have  produced 
them  for  customers  who  have  been  willing  to  pay  a  good  round 
price.  The  average  well-made,  good  quality  springs,  such  as 
are  ordinarily  obtained  from  first-class  spring  makers,  will  gen- 
erally take  a  certain  amount  of  set  at  first;  but  after  receiving 
one  or  two  siidden  compressions  under  an  overload  they  should 
remain  unchanged  for  an  indefinite  period  of  time. 

Springs  which  will  not  take  a  set  under  such  compressions 
must  be  made  of  a  steel  running  comparatively  high  in  carbon, 
and  the  tempering  process  used  in  manufacturing  them  is  a  very 
delicate  manipulation.  For  a  great  majority  of  purposes  it  is 
not  desirable  to  use  so  high  a  grade  of  steel,  as  springs  made 
from  it  are  more  apt  to  break  in  iise  and  not  to  be  uniform  when 
a  large  number  are  required.  It  is  therefore  better  to  use  a 
considerably  lower  grade  of  steel,  which  will  permit  of  a  less 
careful  tempering  process  being  used. 

It  is  very  interesting  to  note  that  the  diagram  in  Fig.  119 
shows  a  greater  amount  of  motion  during  the  oscillations  of  the 
spring  above  the  horizontal  line  I  have  mentioned  than  it  does 
below.  To  all  appearances  this  record  starts  at  the  top  of  the 
left-hand  ordinate,  and  unless  the  record  is  made  in  the  reverse 
direction  to  that  travelled  by  the  spring,  I  should  say  that  this 
diagram  is  printed  upside  down.  By  reversing  the  diagram 
there  will  be  recorded  exactly  the  motion  I  have  descidbed  in 
the  first  part  of  my  discussion  in  connection  with  Figs.  123-125. 

With  the  diagram  thus  reversed  (See  Fig.  127),  oscillation 
begins  at  the  lower  right-hand  corner  of  the  diagram,  with  the 
paper  on  which  the  record  is  written  moving  towards  the  right, 
and  when  the  additional  weight  shown  in  Fig.  125  is  released, 
the  spring  suddenly  draws  the  weiglit  upward,  as  I  have  before 
described,  tracing  the  first  (right-hand)  ordinate.  In  case  a 
compression  spring  was  iised  instead  of  an  extension  spring  with 
its  suspended  weight  dropped  below  its  point  of  support,  the 
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record  with  the  weight  iu  this  position  woukl  be  ideutically  the 
same.  Assuming  that  my  supposition  is  right  (that  this  dia- 
gram should  stand  iu  a  reverse  jjosition  >.  it  might  be  easy  to 
account  for  the  greater  length  of  the  downward  stroke  below 
the  horizontal  line,  as  in  such  a  case  when  the  weight  was  de- 
scending, it  would  have  the  accelerating  force  of  gravity  drawing 


Fir..  127. 


it  downward  ;  but  when  the  weight  is  moving  upward,  this  force 
would  be  a  retarding  one,  and  thereby  a  difference  in  the  length 
of  the  ordinates  above  and  below  the  horizontal  line  would  be 
shown,  as  is  the  case  in  this  diagram.  Again,  we  may  find 
greater  retarding  forces  restraining  the  vibrating  motion  of  the 
spring  at  one  end  of  its  oscillation  than  at  the  other,  and  such 
a  set  of  conditions  would  affect  the  diagram  in  the  way  we  find 
recorded. 

In  the  diagram  of  Fig.  120  we  find  the  functions  of  a  jierfect 
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spring  very  thoroughly  suppressed.  There  is  no  form  in  which 
a  spring  can  be  made  which  is  less  satisfactory  in  its  working 
than  a  leaf  spring,  and,  I  might  add,  that  whenever  it  is  possible 
to  avoid  the  use  of  a  spring  made  from  flat  wire  or  flat  bars, 
and  substitiite  a  round-bar  spring  of  the  helical  shape,  do  so  by 
all  means. 

When  I  was  interested  in  the  manufacture  of  springs,  a  num- 
ber of  years  ago,  out  of  a  lot  of  10,000  helical  springs  sent  out  for 
various  uses,  there  might  be  trouble  or  breakage  occurring  to 
ore  or  possibly  two,  but  complaints  received  from  users  of  a 
like  number  of  springs  made  from  flat  wire  were  many  times  as 
frequent.  The  friction  between  the  adjoining  metal  surfaces 
composing  flat-wire  springs,  whether  they  are  in  the  shajie  of 
leaf  springs  or  spiral  springs  (such  as  are  used  in  clocks),  is 
very  considerable  ;  with  such  friction  the  comj^aratively  thin 
flat  bars  or  flat  wire,  of  which  the  spring  is  composed,  are  con- 
stantly being  worn  oiit  and  weakened,  and  this  friction  constantly 
interferes  with  the  perfect  free  movement  of  the  spring  in  doing 
work.  Springs  made  of  flat  bars  or  flat  wire  are  much  more 
difficult  to  temper  evenly  tlian  those  made  from  round  or  square 
wire,  and  are  less  able  to  stand  sudden  shocks  or  blows  or  injury 
of  any  kind. 

Mr.  Baldwin  speaks  of  the  undesirable  tendency  of  springs 
to  oscillate  after  a  sudden  load  is  applied,  and  he  also  mentions 
the  objection  to  this  oscillation.  I  have  heard  this  objection 
complained  of  many  times  during  my  connection  with  the  spring 
business,  and  while  there  had  an  opportunity  to  see  many  de- 
vices used  to  overcome  this  troublesome  oscillation.  Among 
those  used  on  compression  sjarings,  I  found  that  one  customer, 
after  allowing  the  spring  to  be  compressed,  woiild  load  it  still 
further.  This  was  done  by  placing  a  washer  on  top  of  the  com- 
pi-ession  spring  and  then  rimning  a  bolt  through  its  centre, 
which  bolt  passed  through  a  lower  washer  forming  the  bottom 
support  for  the  compression  spring.  By  tightening  this  central 
bolt  an  increased  load  was  added  to  the  regular  load  carried  by 
the  spring,  and  when  <a  sudden  additional  load  was  thrown  upon 
the  spring  the  oscillations  were  much  reduced. 

Another  device  used  with  a  compression  spring  to  reduce  the 
oscillation  was  a  small  spring  placed  inside  of  the  coils  of  the 
large  one,  so  that  the  springs  were  concentric  one  to  the  other, 
similar  to  "  nested  "  springs.     The  inner  spring  was  made  shorter 
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than  the  outer  one,  so  that  when  the  blow  was  received  by  the 
outer  spring  the  load  would  descend  upon  the  inner  spring,  and 
additional  force  would  be  required  to  further  compress  both 
springs,  thereby  soon  destroying  the  oscillation.  I  have  seen, 
in  place  of  this  short  inner  spring,  a  rubber  spring  used  so  that 
the  load  after  compressing  the  steel  sj^ring  a  short  distance 
would  strike  iipou  the  solid  rubber  spring  with  similar  effect  to 
that  just  described. 

Another  device  for  this  same  jDurpose  was  made  by  winding 
coils  of  square  rubber  between  the  coils  of  the  steel  spring,  so 
that  instead  of  compressing  fi-eely  when  the  additional  load  was 
applied,  the  coils  of  the  steel  spring  compressed  upon  the  coils 
of  rubber  between  them.  This  last  method  is  not  one  which  I 
would  recommend,  and  is  merely  mentioned  as  being  a  device  I 
have  seen  used. 

Perhaps  one  of  the  most  effective  ways  of  i^reventing  oscilla- 
tion in  the  working  of  a  compression  spring  is  found  in  door 
checks,  such  as  are  used  for  closing  doors.  In  certain  devices  of 
this  kind  the  compression  spring  is  enclosed  within  a  cylindrical 
case  carrying  a  tight  j^iston  upon  its  upper  end  which  fits  the 
cylindrical  case  tightly.  When  the  door  is  opened  this  piston 
is  drawn  back  into  the  cylinder,  the  spring  is  compressed  under 
it,  and  certain  valves  allow  a  free  admission  of  air  between  the 
piston  and  its  end  of  the  cylinder ;  but  as  soon  as  the  spring 
starts  to  close  the  door,  and  the  compression  spring  starts  to 
regain  its  unstrained  position,  the  valves  admitting  the  air  into 
the  cylinder  are  closed  automatically  and  a  small  air  outlet 
allows  the  air  to  escape  slowly,  the  size  of  the  outlet  being 
made  in  proportion  to  the  speed  with  which  the  spring  is  supposed 
to  close  the  door.  I  have  seen  this  same  device  used  for  other 
purposes,  and,  in  some  cases,  oil  or  glycerine  is  used  in  place  of 
air.  This  is  nothing  more  or  less  than  a  dash-pot  arrangement 
similar  to  that  used  in  connection  with  Corliss  valve  motions. 

Prof.  Albert  Kingslmry. — The  speaker  says  that  he  has  proved 
by  tests  that  the  modulus  of  elasticity  is  not  changed  in  temper- 
ing, although  the  elastic  limit  is  changed  considerably.  I  have 
recently  had  occasion  to  look  for  published  data  on  this  point ; 
I  have  succeeded  in  finding  nothing  of  importance  in  print  in 
regard  to  the  coefficients  of  elasticity  of  steel  as  aflected  by 
tempering,  and  I  am  sure  that  if  the  speaker  has  data  upon  this 
point  it  would  be  interesting  if  he  would  publish  the  facts.  To 
19 
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the  average  engineer  the  modulus  appears  to  be  increased  by 
the  tempering. 

Mr.  Cavij. — I  am  sorry  to  say  that,  at  the  time  I  was  connected 
■with  the  spring  business  I  have  mentioned,  I  did  not  appreciate 
the  value  of  keeping  data  as  I  do  now. 

In  my  early  experiments  to  determine  the  value  of  the  tor- 
sional modulus  of  elasticity  for  use  in  spring  formulse,  I  began 
by  taking  pieces  of  temjiered  straight  wire  from  the  same  mate- 
rial that  would  afterwards  be  used  in  making  the  springs. 
Afterwards  I  experimented  with  the  same  material,  only  using 
soft  steel  instead  of  tempered,  and  found  that  I  obtained  the 
same  results ;  and,  further,  I  found  almost  identical  results  were 
obtained  from  tests  of  the  various  qiialities  of  steel  used  in 
spring  making ;  I  therefore  settled  upon  practically  a  definite 
value  for  my  torsional  modulus  of  elasticity. 

All  further  torsional  testing  of  steel  spring  material  by  me 
was  simply  to  determine  the  limit  of  torsional  elasticity,  which 
varied  with  the  quality  of  steel  used  and  the  method  or  degree 
of  tempering,  and  for  this  work  the  test  bars  were  straightened 
and  then  tempered  in  identically  the  same  manner  that  the 
spring  would  be  tempered. 

I  am  sorry  to  say  that  I  have  none  of  that  data  available  now, 
but  there  were  tests  made  at  the  Watertown  Arsenal,  which  are 
on  recoi-d  in  our  Transactions,  giving  identically  the  same  results 
as  those  obtained  by  me. 

Prof.  Albert  Kingsbury. — Among  other  records  I  have  ex- 
amined those  of  the  Watertown  Arsenal,  and  have  found  in 
those  reports  no  experiments  on  the  modiili  of  elasticity  of 
tempered  steel. 

M/:  Gary. — The  tests  to  which  I  referred,  made  at  the  "Water- 
town  Arsenal,  in  which  it  was  found  that  tempering  steel  does 
not  affect  its  modulus  of  elasticity,  were  presented  in  a  paper 
on  "  Helical  Springs,"  by  John  W.  Cloud  in  vol.  v.,  Transactions 
A.  S.  2L  E.  page  173.* 

Certain  experiments  have  been  made  jn  England  which  con- 
firm my  results.  I  am  sorry  to  say  I  cannot  refer  to  them 
directly  at  this  time,  but  they  will  be  found  qiioted  in  Prof. 
John  Perry's  work  on  "  Applied  Mechanics." 

*  Since  the  meeting,  I  have  found  further  rrference  made  to  this  matter  in 
the  American  Machinist  of  May  4,  1S99,  page  378,  in  which  Robert  A.  Bruce, 
in  his  article  on  "  The  Deflection  of  Helical  Springs,"  and  also  the  editor  of  the 
paper,  make  a  similar  statement. 
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No.  146. — The  Lim'OLPON  System — A  Suggestion  for  a  New 
Decimal  System  of  Measurements  Based  on  an  Old  Unit.* 

14.  Mr.  F.  F.  NicJcel. — The  main  objection  to  the  metric  system 
lies  in  the  fact  that  all  our  standards  are  in  inches  and  fractions 
thereof,  and  the  cost  of  changing  them  would  be  enormous. 

The  new  system  should  therefore  not  change  our  sizes,  al- 
though it  may  change  the  names  and  figures  in  which  they  are 
expressed,  and  it  is  the  object  of  this  paper  to  show  a  way  in 
which  this  may  be  accomplished. 

15.  The  idea  is  to  adopt  the  length  now  known  as  one-eighth 
of  an  inch  as  a  basis ;  ten  of  these  units,  equal  to  1^  inches,  would 
be  taken  as  The  Unit  and  given  a  j^roper  name,  for  which  I  sug- 
gest Lin  (from  lineal).  By  adhering  to  the  prefixes  iised  in 
the  metric  system  we  can  then  readily  form  the  subdivisions,  as 
the  following  table  will  show — the  last  one  is  obtained  from  a 
combination  of  the  two  words  mile  and  lin  : 


Inches. 

MillUins. 

Centilins. 

Deciline. 

Lins. 

Dekalins. 

Hekto- 
lins. 

Kilo- 
lins. 

Mi- 

lin. 

.00125 

1 

.0135 

10 

1 

4 

100 

10 

1 

li 

1,000 

100 

10 

1 

m 

1,000 

100 

10 

1 

125. 

=         10.417  feet. 

1,000 

100 

10 

1 

1,250. 

=       104.17      " 

1,000 

100 

10 

1 

125,000. 

=  10,417 

" 

=  1.973  E 

nglish  m 

le. 

100 

1 

5 

centilins 

=  j\ 

inch. 

2 

5 

=  ^ 

" 

1 

25      " 

=  ^T 

" 

hence,  we  can  express  all  dimensions  we  are  now  using  equally 
well  in  the  new  system,  and  there  is  no  necessity  of  changing 
anything  but  the  figure  and  the  name. 

The  dekalin  is  i-  inch  longer  than  the  foot,  so  we  will  have  a 


*  For  previous  discussions  on  this  topic  consult  Transactions  as  follows  : 
No.  4,  vol.  i.,  p.  29:  "The  Metric  System."     Coleman  Sellers. 
No.  26,  vol.  ii.,  p.  80:  "  Standard  Measurements."     George  M.  Bond. 
No.  721,  vol.  xviii..  p.  492:  "  The  Metric  System  Versus  the  Duodecimal  System.' 
George  W.  CoUes. 
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new  rule,  coustriicteil  exactly  like  the  old  two-foot  rule,  only  25 
inches  long. 

16.  Areas  would  he  measured  by  the  unit  Squarelin,  which  is 
the  area  enclosed  by  a  square  whose  side  is  equal  to  one  lin. 

The  subdivisions  would  be  as  follows : 

1  square  milin  —  3.893  square  miles  (English). 

1  square  kilolin  =  1,562,50D.  sq.  in.  =  10,851.          sq.  ft. 

1  square  liektolin  =  15,625.  "  "    =       108.51       "    " 

1  square  dekalin  =  156.25  "  "    =           1.0851"    " 

1  square  lin  =  1.5625  "  " 

1  square  decilin  =  .015625  "  " 

1  square  centilin  =  .00015625  "  " 

1  square  millilin  =  .0000015625  "  " 

17.  For  measuring  volumes,  a  cube  whose  side  is  equal  to  1 
dekalin  could  be  adopted  as  unit  and  given  a  new  name,  foi- 
which  I  suggest  Vol  (from  volumeV 


1  kilovol      = 

1,953,125. 

cubic  inches. 

1  hektovol  = 

195,312.5 

1  dekavol     = 

19,531.25 

" 

1  vol            = 

1,9.53  125 

=  8.455  gallons 

1  decivol      = 

195.3125 

1  centivol    = 

19.53125 

1  millivol    = 

1.953125 

18.  The  weight  of  one  vol  of  distilled  water  at  greatest  density 
would  be  properly  the  unit  of  weight,  and  could  be  called  KlLO- 
PON  (corrupted  from  pound). 


1    kilopon     =  70.55    pounds  avoirdupois 
1  hektopon  =    7.055         " 


1  dekapon  =11.3      ounces 

1  pon  =    1.13 

1  decipon  =  49  4    grains. 

1  centipou  =    4.94       " 

1  millipon  =       .494      " 

14.2  pons  =     1  pound. 

These  tables  do  not  lay  any  claim  to  accuracy,  the  intention 
being  to  show  the  approximate  relation  rather  than  confuse  by 
long  rows  of  figures. 

19.  Having  now  outlined  the  idea,  I  wish  to  add  a  few  tables 
to  show  how  easily  measurements  given  in  the  linvolpon  system 
may  be  converted  into  values  of  the  metric  system.  It  will  be 
noted  that  the  constants  used  are  3175,  3175',  3175\  or  recip- 
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rocals  thereof,  disregarding  the  decimal  point.     I  also  suggest 
abbreviations  for  the  different  names  : 


i 

a 

i 

i; 

£ 

.s 

»• 

s  s 

"    a 

rS     u 

Lins. 

X3     ^ 

■=  S 

S    o 

i? 

Metric  System. 

i 

O 

■^ 

n 

£5 

M 

1 

001 

.03175  millimeter. 

10 

1 
10 

1 

10 

.01 

.1 

1 

10 
100 
1000 

31.5 

1 

10 

1 
10 

1 
100 

1 

.3175 

3.175 

3.175     centimeters. 
31.75 

8 .  175      meter.?. 
31.75 

3.175      liilometers. 
1                meter. 

Square  Lin. 


*^ 

111 

p 

sql. 
Square 
Lins. 

s'ii 

tll 

_■  ll 

til 

i 

Metr 

c  System. 

1 

.000001 

.001008  sq.  mm. 

100 

1 
100 

1 
100 

.0001 

.01 

1 

100 

10000 

1000000 

1 

100 

1 

100 

1 

10000 

1 

.1008 
10.08 
10.08 

1008. 
10.08 

1008. 
10.08 

sq.  millimeters, 
sq.  centimeters. 

sq.  meters. 

sq.  kilometers. 

Vol. 


« 

>    > 

S  5 

>  > 

VolB. 

ll 

>•  1 

^s 

Metric  System. 

a 

u 

a 

a 

a 

1 

.001 

32.006      cubic  centimeters. 

10 

1 

.01 

330.06 

10 

1 
10 

.1 
1 

10 

1 

3.2006    liters. 
32.006 
3.2006    hektoliters. 

100 

10 

1 

32.006 

1000 

10 

1 

320.06 

3.125 

1               hektoliter. 
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PoN. 


<» 

a 

«• 

a 

. 

s  = 

g.  .f 

■^  '§ 

11- 
Pons. 

r% 

it 

Metric  System. 

■z 

o 

o 

& 

a 

M 

1 

.001 

32.006    milligrams. 

10 

1 

.01 

330.06 

10 

1 
10 

.1 

1 

10 

1 

3.3006     grams. 
32.006 
320.06 

100 

10 

1 

3.2006  kilograms. 

1000 

10 

1 

33.006 

31.33 

1            kilogram. 

Ill  tlie  followiug  I  will  give  a  few  of  our  new  constants  : 

Pressures;  1  atmosphere  =  3.26  hektopons  per  sql. 

100  pounds  per  square  inch  =  22.3  hektopons  per  sql. 

Weights  in  kilopons  per  vol  are,  of  course,  equal  to  the  specific  gravities. 

1  vol  of  cast  iron  weighs  7.35  kp. 

1  horse-power  =:  75  kip.  (kllolinpons)  per  second. 

1  P.  C,  Thermal  Unit  (Pon  Cent.)  =  13.3  kip  (that  is,  1  P.  C.  Thermal  Unit 
is  the  quantity  of  heat  that  must  be  imparted  to  1  pon  of  water  to  raise  its 
temperature  from  0  degree  to  1  degree  Cent,  and  its  equivalent  of  work  is  13.3 
kilolinpons). 

1  kip  (Kilolinpon)  =  1.016  Kilogrammeters. 

1  kip  =  7.35  foot  pounds. 

20.  All  dimensions  on  drawings  should  be  given  in  decilins. 
It  is  then  only  necessary  to  reduce  the  number  of  inches  to 
eighths  in  order  to  obtain  the  new  figure.     For  instance, 

158 
19J  inches  =  -^  inches  =  158  decilins. 

3if       "      =  31.5  decilins. 


Figures  given  in  inches  and  decimals  are  simply  multiplied 
by  S.     For  instance, 

S.  Wire 


No.  1  B. 
.3893  X  i 


.3893  inch  diameter. 
3.3144  decilins  diameter. 


Oi-,   if   expressed  in  mils,  we  multiply  by  .8,  and   obtain   the 
new  dimensions  in  millilius.     For  instance, 

389  3  mils  =  231.44  millilins. 
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Mr.  Georfje  W.  Calks: — This  is  cue  of  those  numberless  new 
"  systems  "  with  which  the  imaginative  brains  of  their  inventors 
are  as  generous  as  a  smith  is  with  the  useless  sparks  which  fly 
about  his  anvil.  Were  it  possible  for  them  ever  to  come  into 
use,  we  should  have  such  a  jargon  of  systems  as  would  make 
Babel  hide  its  head  in  clouds  for  shame.  Fortunately,  however, 
the  conservatism  of  mankind  is  too  ponderous  to  be  stirred  by 
any  such  Lilliputian  leverage. 

Some  years  ago  I  had  the  honor  to  present  to  this  Society  a 
paper  on  weights  and  measures,  in  which  I  attempted  to  draw 
many  valuable  lessons  from  the  history  of  the  subject  as  to 
■what  our  course  should  be  in  future,  among  the  principal  of 
which  was  the  extreme  danger  of  introducing  ill-considered  in- 
novations. That  history  amply  proves ;  and  has  proved  on  every 
occasion,  that  such  a  procedure  invariably  results  only  in 
plunging  those  whom  it  is  desired  to  benefit  deeper  and  deeper 
into  the  mire.  "  Tinker "  with  the  currency  if  you  may,  and 
•with  the  tariff  if  you  must,  but  "  JTo  iinkeriiKj  with  our  iceujhts 
and  measures  I  "  should  be  our  watchword  here.  It  is  the  easiest 
thing  in  the  world  to  concoct  schemes  ad  libitum  or  ad  nauseum, 
every  one  to  his  taste  and  to  others'  distaste  ;  it  is  not  of  them 
that  there  is  any  lack ;  on  the  contrary,  it  is  to  reverse  the  Gul- 
liverian  plan,  to  make  but  one  scheme  grow  where  two,  or  a 
hundred,  grew  before — here  is  pur  task,  here  the  problem  which 
awaits  solution. 

The  difficulty  under  which  all  such  schemes  as  the  "  Linvol- 
pon  "  system  labor  is  that  they  approach  the  qiiestion  without 
due  consideration  of  what  has  gone  befoi'e.  A  system  which 
grows  up  in  a  night,  like  Jonah's  gourd,  must,  like  it,  wither  in 
the  morning.  No  system  which  is  drawn  up  with  a  single  view 
to  usefulness  to  a  draughtsman  in  laying  out  drawings  can 
aspire  to  general  adoption ;  still  less  can  one  which  is  merely 
arbitrary  and  based  on  a  fanciful  and  arbitrary  handling  of 
units.  The  more  such  schemes  are  proposed,  the  more  will  the 
true  and  main  issue  become  obscured,  and  the  more  difficult 
will  it  be  to  effect  any  actual  change  at  all.  As  an  ilhistration 
of  this,  I  refer  to  the  agitation  over  decimal  currency  in  Eng- 
land about  the  middle  of  the  last  century,  described  at  some 
length  in  my  paper  above  referred  to.*    In  this  case  the  chances 

*''The  Metric  cs.  the  Duodecimal  System,'  No.  Til,  vol.  xviii.,  p.  492. 
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of  success  would  have  been  much  greater  had  there  been  a  less 
diversity  of  schemes  clamoring  for  acceptance  by  which  the 
decimalization  should  be  carried  out. 

I  will  not  here  enter  into  a  specific  discussion  of  the  '"  Liu- 
volpon  "  system  further  than  to  remark  that,  in  taking  the  eighth 
part  of  an  inch  as  his  unit  and  decimalizing  everything  upon 
that,  the  author  obliterates  all  existing  units.  The  machine 
draughtsman  and  tool-maker,  who  are  accustomed  to  use  eighths 
of  an  inch,  might  find  this  scheme  acceptable,  thougli  it  is  not 
clear  why  it  would  not  be  better  to  start  from  the  inch  and  de- 
cimalize that,  as  is  now  frequently  done,  if  decimals  are  pre- 
ferred to  octonary  divisions.  However,  supi:)osing  this  scheme 
acceptable  to  the  draughtsman  and  machinist  because  they  use 
eighths  of  an  inch,  it  is  still  feared  that  the  watchmaker,  the 
railroad  man,  the  land  surveyor,  the  weigher,  the  ganger,  and 
numerous  other  professional  men — not  forgetting  entirely  the 
every-day  man,  by  which  is  imderstood  about  99  per  cent,  of  tlie 
population,  who  care  nothing  about  eighth-;  of  an  inch,  and  still 
less  about  "  lius,"  "  vols,"  and  "  pons  " — would  set  up  mighty 
objections  to  having  all  their  units  summarily  dispensed  with 
to  suit  the  convenience  or  fancy  of  the  draiightsmau  or  tool- 
maker  ;  while,  unless  others  adopted  them  also,  it  is  to  be  feared 
that  the  latter  would  find  it  impracticable  to  adopt  them  them- 
selves. In  thus  making  the  wprld  turn  around  the  drawing- 
table,  they  commit  the  same  error  as  the  metric  j^hilosophers, 
who  made  it  tui'n  about  the  Paris  meridian,  with  this  differ- 
ence, perhaps,  that,  while  the  former  show  a  partiality  towards 
one  class  of  the  population,  tlie  latter  disfavored  all  alike. 

It  is  a  fundamental  requisite  of  any  really  successful  plan,  or 
one  worthy  our  serious  consideration,  that  it  be  drawn  up  from 
a  broad  view  and  knowledge  of  all  the  jjast  history  of  weights 
and  measures,  and  especially  that  of  the  metric  system,  during 
the  last  hundred  years.  Its  author  must  be  careful  to  avoid 
the  pitfalls  into  which  the  authors  of  that  system  fell — among 
the  j^rincipal,  indeed  the  very  first,  of  which  is  radicalism.  No 
system  which  involves  radically  new  iinits  can  be  considei'ed. 
None  which  involves  new  names  of  the  principal  units  can  be 
considered.  Our  conclusion  necessarily'  is,  that  the  range  of 
possible  change  of  our  present  system  is  extremely  limited,  and 
that  even  that  ought  not  to  be  made  except  with  the  utmost 
caution. 
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It  was  with  the  object  of  discovering  the  true  and  proper 
solution  of  tlie  proljlem  that  I  undertook  the  paper  above  men- 
tioned ;  but  the  paper  was  of  necessity  hirgely  confined  to  the 
metric  system.  It  was  pointed  out,  however,  in  the  paper  that 
our  present  system  is  in  realitj'  but  a  ruin  of  a  remarkably  well- 
ordered  system,  which  has  been  allowed  to  fall  into  neglect, 
and  that  it  needs  only  to  be  restored  by  judicious  and  careful 
strokes  to  appear,  like  a  painting  of  Titian  rescued  from  ob- 
scuritj'  and  decay,  in  all  its  original  beauty  and  excellence.  It 
has  been,  and  still  is,  my  intention — if  time  should  permit,  and 
if  no  one  else  will  do  so — to  show  what  these  strokes  are,  and 
Low,  by  moderate  changes,  we  may  obtain  a  coordination  of  our 
present  units  to  surpass  in  beauty,  elegance,  and  utility  (in  my 
opinion)  that  of  the  metric  system ;  for,  as  pointed  out  in  my 
former  paper,  our  system  is  a  mixed  octonary  and  duodecimal 
one,  and  these  relations  are  in  general  more  useful  than  the 
decimal.  And  all  these  proposed  changes  would  be,  it  is  hoped, 
within  the  range  of  feasibility,  without  too  great  a  disturbance 
of  national  convenience.  For  the  present,  I  leave  the  subject 
untouched,  merely  pointing  out  to  would-be  imjjrovers  the  path 
which  they  must  necessarily  follow  in  order  to  achieve  success. 
All  artificial  and  arbitrary  systems  must  perforce  go  the  way  of 
their  predecessors,  sinking  into  oblivion  and  becoming,  in  the 
words  of  the  poet, 

"  A  dust  of  systems  and  of  creeds." 
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No.  925,* 

EXPEHlMEyTS    ON    SPIRAL    SPRINGS.] 

BY   CHA9.    U.    BENJAMIN,   CLEVELAND,   O. 

(Member.) 

AND  EOT   A.   FRENCH,   PITTSBURG,   PA. 

(Non-Member.) 

1.  The  experiments  described  in  tLe  following  paper  were  made 
under  tlie  direction  of  Mr.  French,  and  the  calculations  are  his. 
There  is  such  scarcity  of  reliable  data  on  spiral  springs,  their 
strength  and  elasticity,  that  it  seems  desirable  to  publish  the 
results  of  these  experiments. 

Our  textbooks  and  our  technical  journals  contain  discussions 
and  formulas,  but  verj^  few  data  from  which  constants  can  be 
obtained  to  use  in  the  formulas. 

2.  In  the  experiments  to  be  described,  an  attempt  has  been 
made  to  determine  the  coefficient  of  torsional  elasticity  and  the 
safe  stress  for  different  sizes  of  bar  and  different  ratios  of  mean 
diameter  of  spring  to  diameter  of  bar. 

The  following  notation  will  be  used  : 
F  =  load  in  pounds. 
S  —  shearing  stress  in  pounds  per  square  inch  on 

outer  fibre. 
G  =  coefficient  of  torsional  elasticitj'. 
D  =  mean  diameter  of  spring  in  inches. 
d  —  diameter  of  bar  in  inches. 
H—  height  of  spring  in  inches. 
L  —  length  of  bar  in  inches. 
X  =  deflection  in  inches  with  load  P. 

*  Presented  at  the  New  York  me.  tiug  (December,  1901)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  tlie 
TrKiisactions. 

f  For  previous  discussions  on  this  to])ie  c^nsuU  Transactions  as  follows  : 
No.  133,  vol.  iv.,  p.  33.5  :  "Spiral  Springs."   Oberlin  Smilh. 
No.  173.  vol.  v..  p.  173  :  "Helical  Springs  "     .Jno.  W.  Cloud. 
No.  613,  vol  xvi,  p.  92  :  "A  Graphical  Method  of  Designing  Springs."   G.  R. 

Henderson. 
No.  680,  vol.  xvii.,  p.  340  :  '-Spring  Tables."    G.  R.  Henderson. 
No.  914  (advancp),  to  be  presented  at  the  New  York,  December,  1901,  meeting. 
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Then,  by  the  usual  formulas  for  tension  and  compression 
springs : 

„        Sd'  ,  LBS 

2.5o  Z>  G  d 

3.  The  springs  tested  were  all  made  of  tempered  steel  and 
were  open-coil,  or  compression  springs.  The  results  shown  in 
the  table  were  in  every  case  obtained  by  testing  a  number  of 
springs  made  as  nearly  alike  as  possible,  and  using  the  average 
loads  and  deflections  for  computation. 

Every  spring  was  first  closed  solid,  coil  to  coil,  several  times 
in  a  hydraulic  press,  to  remove  all  permanent  set ;  then  placed 
in  a  Eiehle  testing  machine  and  tested  for  capacity  and  corres- 
ponding deflection. 

To  illustrate,  take  for  an  example  group  No.  1  in  the  table. 
This  group  consisted  of  1.5  sjivings,  9.25  inches  outside  diam- 
eter and  17.2.5  inches  free  height  before  closing.  The  steel 
iised  was  1..S125  inches  iu  diameter  and  150  inches  long  before 
the  ends  were  tapered.  These  springs  were  placed  in  the  press 
one  at  a  time  and  closed  coil  to  coil  twice  under  the  hill  cajjac- 
ity  of  the  press,  75,000  pounds.  The  pressure  was  then  removed, 
and  u])ou  measuring  they  were  found  to  average  15.25  inches  in 
height,  showing  a  set  of  2  inches.  They  were  then  closed  twice 
more,  but  took  no  further  set.  A  spring  closed  solid  with  100 
per  cent,  overload  should  take  all  its  permanent  set  with  two 
closings. 

The  springs  were  then  placed  in  the  testing  machine  and  the 
load  and  total  deflection  measured.  The  average  load  neces- 
sary to  close  them  was  found  to  be  10,900  jiouuds,  and  the  cor- 
responding deflection  was  7.0625  inches.  When  taken  from  this 
machine  the  free  height  was  again  measured,  but  they  had  taken 
no  more  set. 

4.  For  substitution  in  the  formulas  we  then  have  : 

P  =  10,900. 
d  =  1.3125. 

D  =  9.25  -d=  7.9375. 
a-  =  7.0625. 
L  =  150. 

Substituting  and  solving  for  .S'  and  G : 

S  =  97,.500  =  the  torsional  stress  in  pounds  per  square  inch 
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when  the  spring  is  closed  coil  to  coil,  and  G  =  12,500,000,  the 
coefficient  of  elasticity.  Dividing  the  mean  diameter  of  the 
spring  by  the  diameter  of  the  bar  gives  a  ratio  which  will  be 
called  7?,  in  this  case  equal  to  6.05.  Dividing  the  permanent 
set  by  the  working  deflection  gives  another  ratio,  which  will  be 
called  I".    In  this  case,  Y=  .283. 

In  a  similar  manner  were  calculated  all  the  results  given  in 
the  table. 

Additional  notation  used  in  table  : 

N  =  number  of  springs  in  group. 
0  ~  outside  diameter  in  inches. 
H  =  height  before  closing  in  inches. 
H'  =  free  height  in  inches  after  producing  set. 
11"  =  height  in  inches  when  closed  solid. 
s  —  H  —  ir  —  permanent  set  in  inches. 
X  =  JI'  —  H"  =  total  action  in  inches. 

5.  The  value  given  for  (r  in  most  handbooks  is  12,000,000. 
The  larger  values  sliown  in  the  tables  are  doubtless  due  to  the 
higher  grade  of  steel  used.  The  variation  in  values  of  G  is 
probably  due  to  differences  in  temper,  although  in  some  case, 
the  chemical  constituents  of  the  steel  may  have  varied  slightly. 
The  average  value  is  found  to  be  14,700,000,  which  may  be 
written  14,500,000  for  convenience. 

The  pi'oper  stress  is  a  more  difficult  thing  to  determine.  A 
wide  range  of  stresses  was  used  in  the  sjjrings  experimented 
with.  In  each  case  the  stress  was  that  believed  to  be  the  best 
for  the  conditions  under  which  the  spring  must  work. 

In  some  few  cases,  as  in  No.  18,  it  was  necessary  to  use  an 
abnormally  high  value  to  meet  the  conditions.  This  necessitated 
a  special  grade  of  steel,  and  great  care  in  manufacture.  Such  a 
spring  is  not  safe  when  subjected  to  sudden  and  heavy  loads,  or 
to  rapid  vibrations,  as  it  would  soon  break  under  such  treatment; 
if  merely  subjected  to  normal  stress,  it  would  last  for  years. 

6.  It  will  be  noticed,  by  comparing  columns  S,  Y,  and  B  of  the 
table,  that  Y  varies  with  both  S  and  B  for  the  same  diameter 
of  bar ;  that  is,  if  B  is  constant,  S  and  Y  increase  together,  and 
if  S  is  constant,  R  and  Y  increase  together.  There  are  some 
exceptions  to  this  rule  noted,  but  it  is  believed  to  be  generally 
correct.  This  being  true,  a  spring  with  its  mean  diameter 
small,  as  compared  with  size  of  bar,  will  allow  a  higher  stress 


EXPERIMENTS    ON  SPIRAL   SPRINGS.  301 

with  less  proportiouate  set  than  one  of  a  larger  mean  diameter. 
An  excessive  set  means  injury  to  the  material,  and  liability  of 
failure. 

Springs  of  a  small  diameter  may  safely  be  subjected  to  a 
higher  stress  than  those  of  a  larger  diameter,  the  size  of  bar 
being  the  same.  The  safe  variation  of  S  with  7?  cannot  yet  be 
stated. 

There  is  an  important  limit  which  should  be  here  mentioned. 
Springs  having  too  small  a  diameter  as  compared  with  size  of 
bar  are  subjected  to  so  much  int  rnal  stress  in  coiling  as  to 
weaken  the  steel.  A  spring,  to  give  good  service,  should  never 
have  Ii  less  than  3. 

The  size  of  bar  has  much  to  do  with  the  safe  value  of  S :  the 
probable  explanation  is  this  :  A  large  bar  has  to  be  heated  to  a 
higher  temperature  in  working  it,  and  in  high  carbon  steel  this 
may  cause  deterioration ;  when  tempered,  the  bath  does  not 
affect  it  so  uniformly,  as  may  be  seen  by  examining  the  fracture 
of  a  large  bar. 

The  above  facts  must  always  be  taken  into  consideration  in 
designing  a  spring,  whatever  the  grade  of  steel  used.  A  safe 
value  of  S  can  be  determined  only  by  one  having  an  accurate 
knowledge  of  the  physical  characteristics  of  the  steel,  the  pro- 
portions of  the  spring,  and  the  conditions  of  use. 

7.  For  a  good  grade  of  steel  the  following  values  of  S  have 
been  found  safe  under  ordinary  conditions  of  service,  the  value 
of  G  being  taken  as  14-,.500,000.' 

For  bars  below  §  inch  diameter  : 

Ii  =  3  5  =  112,000 

7?  =  8  S=    85,000 

For  bars  j\  to  j  inch  in  diameter : 

7?  =  3  6'  =  110,000 

7?  =  8  S=    80,000 

For  bars  from  |f  to  1|  inches  in  diameter : 
^  =^  3  S=  105,000 

7?  =  8  S=    75,000 

For  bars  over  1|  inches  in  diameter  a  stress  of  more  than 
100,000  should  not  be  used.  Where  a  spring  is  subjected  to 
sudden  shocks  a  smaller  value  of  ■S'  is  necessary. 
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As  has  been  noted,  the  springs  referred  to  in  this  paper  were 
all  compression  springs.  Experience  has  shown  that  in  close 
coil  or  extension  springs  the  value  of  G  is  the  same,  but  that 
the  safe  value  of  <S  is  only  about  two-thirds  that  for  a  compres- 
sion spring  of  the  same  dimensions. 
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DISCUSSION. 

Mr.  WiUiam  Kent. — I  want  to  call  attention  to  the  remarkable 
variation  of  the  value  of  O.  Paragraph  5  says,  "  The  value  given 
for  O  in  most  hand-books  is  12,000,000.  Tlie  larger  values  shown 
in  the  tables  are  doubtless  due  to  the  higher  grade  of  steel  used." 
I  would  like  tlie  words  "  higher  grade  "  explained,  whether  that 
means  moi'e  carbon  or  lower  phosphorus  or  what  other  elements 
constitute  the  difference  between  the  higher  and  lower  grades  of 
steel. 

"  The  variation  in  values  of  G  is  probably  due  to  differences  in 
temper."  I  would  like  to  have  you  show  if  there  are  experiments 
on  record  as  to  that.     The  variation  of  G  from  twelve  to  eighteen 
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millions  is  extraordinaiy,  and  if  it  is  true  that  such  a  variation 
actually  exists,  we  ought  to  know  something  about  the  causes. 
How  can  we  raise  or  lower  the  value  of  G  \  The  ordinary  coeffi- 
cients of  elasticitv  in  tension  we  are  not  able  to  vary  at  all.  That 
is  the  most  constant  quality  in  steel  next  to  its  specific  gravity. 

Mr.  Albert  A.  Gary. — The  publication  of  the  results  of  spring 
tests  is  certainly  welcome  to  engineers,  and,  as  Professor  Benjamin 
has  said,  there  are  too  few  data  available.  On  receiving  the 
announcement  of  this  paper,  "  Experiments  on  Spiral  Springs,"  I 
expected  to  find  a  series  of  tests  on  springs  of  tiie  clock-spring 
variety,  but  after  perusal  found  instead  that  the  investigation 
concerns  compression  springs,  which  are  certainly  not  sjnral 
springs,  but  helical  springs. 

This  leads  me  to  enter  a  formal  protest  against  the  very  frequent 
confusion  of  these  two  terms  by  engineers,  who  certainly  should 
not  use  the  two  names  synonymously  or  in  exchange  one  for  the 
other,  as  is  often  done  in  referring  to  springs. 

Kent,  in  his  "Mechanical  Engineer's  Pocket  Book,"  defines  a 
spiral  as  a  curve  described  by  a  point  which  moves  along  a  straight 
line  according  to  anj'  given  law  (which  line  is  called  the  radius 
vector),  the  line  at  the  same  time  having  a  uniform,  angular  motion 
(the  same  as  the  hand  of  a  clock).  He  further  defines  the  common 
spiral  as  one  in  which  the  pitch  is  uniform — tliat  is,  the  spirals  are 
equidistant.  Such  a  spiral  is  made  by  rolling  up  a  belt  of  uniform 
thickness. 

He  further  defines  a  helix,  which  (together  with  the  definition 
he  applies  to  the  line  traced  by  the  threads  of  a  screw)  is  a  line 
generated  by  the  progressive  rotation  of  a  point  around  an  axis 
and  equidistant  from  its  centre. 

These  definitions  are  probably  familiar  to  all  here,  but  I  repeat 
them  to  emphasize  what  I  have  just  said  concerning  the  confusion  of 
the  terms  helical  and  spiral  as  applied  to  springs,  which  confusion 
I  think  should  not  be  continued  by  the  membere  of  this  Society. 

The  formulae  given  in  this  paper  for  the  calculation  of  helical 
springs  are  practically  the  same  as  given  by  Reuleaux  in  "  Der 
Constructeur,"  and  based  upon  the  assumption  that  the  bar  or 
wire  composing  the  spring  is  subjected  wholly  to  a  torsional  strain, 
and  the  torsional  stress  in  the  bar  or  wire  when  the  spring  is 
deflected  is  equivalent  to  the  moment  obtained  by  multiplying 
one-half  the  mean  diameter  of  the  spring  by  the  applied  load  in 
pounds. 
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Concerning  the  torsional  deflection  of  the  bar  or  wire :  when 
the  spring  is  loaded,  according  to  this  formula,  we  shall  find  that 
by  dividing  the  distance  the  weight  passes  tlirough  by  half  the 
mean  diameter  of  the  spring  we  shall  have  the  natural  tangent  of 
the  angle  of  torsional  deflection. 

The  length  of  the  bar  or  wire  is  easily  ascertained,  as  well  as 
its  other  dimensions.  With  these  data  before  us,  and  supposing 
tiie  assumption  upon  which  this  formula  is  based  is  correct,  we 
liave  merely  to  apply  the  ordinary  formula  for  torsion  as  applied 
to  straight  bars  or  shafts  to  determine  the  strength  or  deflection 
of  our  spring  as  is  done  in  Professor  Benjamin's  paper. 

When  interested  in  the  manufacture  of  springs,  a  number  of 
years  ago,  I  made  considerable  use  of  these  formulae  and  found 
them  fairly  satisfactory  when  the  diameter  of  the  spring  was  large  . 
compared  with  the  diameter  of  its  wire,  but  in  a  majority  of  cases 
I  found  that  my  results  obtained  by  such  calculations  differed 
more  or  less  from  those  obtained  in  the  testing  scales,  which  led  me 
to  realize  that  thei'e  were  many  other  stresses  in  the  wire  of  the 
spring  resisting  the  applied  load,  besides  those  of  pure  torsion. 

When  we  consider  the  many  different  methods  of  making 
springs,  the  various  ways  of  preparing  the  wire  for  them,  their 
treatment  during  manufacture  and  tlieir  treatment  after  they  leave 
the  spring  machine,  we  can  more  readily  appreciate  what  I  have 
just  said. 

We  find  springs  made  from  "hard-drawn"  or  "hard-rolled" 
wire  which  receive  no  tempering  treatment  after  being  coiled. 

The  wire  made  hard  by  working  (as  just  described)  owes  this 
quality  (of  hardness)  to  the  many  internal  stresses  it  contains, 
which  can  be  removed  by  proper  heating  and  subsequent  treat- 
ment; this  softening  process  is,  of  course,  avoided  in  the  manu- 
facture of  springs. 

Almost  any  of  the  harder  metals,  such  as  steel,  iron,  brass, 
copper,  bronze,  jilatinum,  etc.,  can  be  used  in  the  formation  of  sucli 
springs,  which  have  a  comparatively  limited  elastic  limit  and  are 
easily  "fatigued." 

A  "  hard-drawn "  or  "  hard-rolled  "  steel  spring  can  be  much 
improved  by  a  process  invented  and  patented  by  my  father,  by 
which  the  spring,  after  being  formed  and  pressed,  is  heated  to  a 
temperature  between  400  degrees  B'ahr.  and  700  degrees  Fahr., 
and  then  rapidly  cooled  in  a  blast  of  cold  air. 

A  spring,  after  this  treatment,  seems  to  have  the  internal  stresses 
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which  were  introduced  during  the  coiling  and  pressing  processes 
removed,  its  elastic  limit  is  materially  increased  and  it  is  less  easily 
"fatigued." 

In  making  compression  springs  by  this  process  it  is  found  neces- 
sary to  coil  them  to  a  considerably  greater  pitch  than  is  found  in 
the  finished  spring,  and  then  they  must  be  ''  pressed,"  that  is, 
subjected  to  a  sudden  overload  (beyond  their  original  elastic  limit) 
which  reduces  their  pitch  considerably  (although  introducing  new 
internal  strains,  which  I  will  consider  later)  and  then  we  will  obtain 
a  fairly  efficient  spring,  but  one  inferior  to  a  tempered  steel  spring. 

Another  very  general  method  for  making  steel  springe  is  to 
take  wire  tempered  by  the  continuous  Waterman  process  (vfhich 
I  described  in  Tol.  XY.  of  the  Transactions,  page  1139)  and  coil 
it  into  the  desired  shape.  The  temper  in  the  wire  raises  its  elastic 
limit  and  makes  it  sufficiently  hard  to  produce  a  good  spring. 
To  obtain  the  best  results  the  wire  must  be  tempered  as  "high" 
as  possible  to  allow  its  being  bent  over  the  arbor  or  former  on 
which  the  spring  is  shaped,  and  the  best  spring  manufacturers  are 
very  particular  about  this  point. 

A  compression  spring  made  by  this  method  will  take  a  certain 
amount  of  "  set  "  after  it  is  coiled,  but  after  being  solidly  com- 
pressed two  or  three  times  under  an  overload  will  not  "  fatigue  " 
for  a  long  time.  Of  course,  internal  stresses  are  introduced  into 
the  wire  during  the  process  of  coiling,  which  act  together  with 
the  torsional  stresses  when  the  spring  is  under  load,  but  these  in- 
ternal stresses  are  practically  all  removed  by  the  Cary  process  of 
tempering,  described  above,  and  a  spring  thus  made  will  last  al- 
most indefinitely  without  fatiguing. 

In  the  manufacture  of  small  spi'ings  man}'  use  piano  wire, 
Avhich  is  both  tempered  and  hard  drawn,  and  owing  to  the  manv 
seemingly  powerful  internal  stresses  found  in  such  wire,  when 
added  to  the  torsional  stresses  developed  during  the  action  of  the 
spring,  the  elastic  limit  of  the  spring  is  soon  reached  by  a  com- 
parativeh'  §hort  elongation  or  extension,  although  the  resistance 
to  extension  or  compression  is  considerablv  greater  (within  the 
elastic  limit)  than  in  springs  formed  from  anj'  other  kind  of  wire 
of  the  same  size. 

This  is  probably  due  to  the  overstrained  condition  of  the  metal, 
as  will  be  mentioned  later.    The  stresses,  due  to  coiling  or  pressing 
such  springs,  can  also  be  removed  by  treating  the  spring  finallv 
b}'  the  Carv  process  of  tempering. 
30 
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The  best  and  most  durable  springs  which  can  be  made  are  formed 
from  comparatively  high-carbon,  soft-steel  wire,  which,  after 
being  finished,  are  "  hand-tempered  "  ;  that  is,  they  are  first  heated 
in  a  charcoal  fire  to  a  cherry-red  or  slightly  higlier  and  then 
plunged  into  a  liquid  bath,  which  is  generally  of  oil.  They 
are  then  carefully  polished  (over  more  or  less  of  their  surface)  and 
held  above  the  charcoal  fire  until  the  required  temper  color  ap- 
pears, which  color  differs  with  the  various  qualities  of  steel  used. 

There  are  many  variations  of  this  process,  differing  in  small 
particulars,  but  so  delicate  are  the  different  manipulations  to  ob- 
tain uniform  results  in  any  considerable  number  of  these  springs 
that  the  process  has  been  almost  entirely  abandoned  by  spring 
manufacturers,  the  best  of  whom  have  ado])ted  specially  prepared 
tempered  wire  for  spring  stock,  and  after  forming  and  machining 
the  springs,  temper  them  by  the  Oar}^  process. 

I  might  add  here  that  my  most  uniform  results  in  hand-temper- 
ing springs  were  obtained  by  heating  and  afterwards  drawing 
them  by  passing  an  electric  current  through  them.  The  wire 
composing  such  hand-tempered  springs  is,  if  they  are  properly 
made,  free  from  all  internal  stresses  when  the  spring  is  at  rest, 
and,  in  properl}^  proportioned  compression  springs,  there  is  no  set- 
ting or  decrease  in  pitch  after  the  coils  are  closed  tightly  one  upon 
the  other. 

Another  method  of  making  springs  is  to  take  steel  wire  or  bars 
and  heat  them  to  a  lower  temperature  than  a  welding  heat,  then 
coil  them  hot  on  the  arbor,  and  before  they  have  an  opportunity 
to  cool  below  a  dull  red,  throw  them  into  an  oil  bath,  which  sud- 
denly chills  and  hardens  them. 

The  quality  of  steel  used  in  this  process  is  sufficiently  low  in 
carbon  to  make  it  unnecessary  to  draw  the  temper  after  harden- 
ing, but  such  springs  are  not  to  be  classed  as  high  grade  by  any 
means.     Most  of  the  heavy  car  springs  are  made  this  way. 

In  plunging  red-hot  springs  into  their  cooling  bath  great  care 
must  be  exercised.  If  they  are  slowly  immersed  sideways,  often 
one  side  of  the  spring  will  be  tempered  harder  than  the  other,  due 
to  the  different  temperatures  of  the  opposite  sides  of  the 
springs  when  they  become  immersed.  A  similar  result  is  some- 
times obtained  when  long  springs  are  slowly  immersed  endwise, 
when  one  end  of  the  spring  is  found  harder  than  the  other. 

It  is  difficult  for  inexperienced  spring  temperers  to  produce 
straight  springs  by  the  "  hand-tempering  "  process,  and  unless  the 
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spring  is  straight  asially,  the  distribution  of  the  torsional  stresses 
throughout  the  length  of  the  wire  will  be  found  more  or  less 
uneven,  the  same  as  in  the  case  of  a  bent  shaft.  In  such  cases, 
bending  stresses  are  added  to  those  of  torsion. 

I  have  made  considerable  mention  thus  far  of  compression 
springs,  but  there  are  equally  interesting  considerations  in  connec- 
tion with  springs  that  resist  extension. 

Experience  has  taught  that  the  most  serviceable  extension 
springs  ai'e  those  coiled  in  such  a  manner  as  to  have  their  coils, 
before  extension,  press  closely  together,  and  require  the  appli- 
cation of  a  certain  initial  load  before  the  coils  begin  to  open.  This 
"  initial  set,"  as  it  is  termed  by  spring-makers,  is  obtained  by  us- 
ing hard-drawn  or  tempered  spring  wire  and  delivering  it  on  to 
the  arbor  (on  which  the  spring  is  formed)  in  a  twisted  manner, 
that  is,  by  twisting  or  revolving  the  wire  around  its  own  axis 
(the  same  as  the  strands  of  a  rope  are  twisted  firmly  together). 
This  end  is  simply  obtained  by  taking  one  or  more  turns  of  the 
wire  (coming  from  the  coil)  around  the  handle  of  the  tool  which 
guides  the  wire  upon  the  mandrel. 

This  guiding-tool  either  partially  or  completel}'  encircles  the 
arbor  and  has  its  handle  project  at  right  angles  to  the  axis  of 
the  arbor,  towards  the  coil  of  wire  from  which  the  spring  is 
formed. 

It  has  been  found  that  the  C'ary  process  of  tempering  does  not 
affect  this  initial  torsional  strain  in  extension  springs,  although 
the  hand-tempering  process,  where  the  spring  is  heated  to  red- 
ness, destroys  it. 

By  twisting  the  wire  around  the  handle  of  the  forming-tool  in 
the  opposite  direction  to  that  described  above,  the  coils  of  the 
extension  spring  will  be  slighth'  separated.  This  latter  method 
of  winding  is  often  used  in  forming  helical  springs  which  are  to  be 
used  as  torsion  springs  (resisting  a  twisting  around  the  axis  of  the 
spring),  in  which  case  it  is  most  desirable  that  the  coils  should 
not  touch  each  other  and  produce  friction. 

I  have  found  it  difficult  to  predict  by  calculation  just  what  the 
initial  torsional  stress  in  an  extension  spring  will  be,  as  it  does  not 
seem  to  be  a  constant  quantity,  and,  of  course,  the  spring  will  not 
begin  to  obey  Hooke's  law  until  after  the  coils  begin  to  separate. 

I  have  now  mentioned  some  of  the  stresses  found  in  the  wire 
composing  helical  springs,  which  act  together  with  the  torsional 
stresses  when  the  spring  is  extended  or  compressed,  but  have  not 
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included  those  of  bending  or  direct  shearing  which  are  also  found 
in  these  springs,  more  especially  in  springs  wound  to  small  diam- 
eters as  compared  to  the  diameter  of  the  wire  forming  them,  and 
in  compression  springs  having  a  large  spacing  between  their  coils. 

When  a  compression  spring  is  loaded  we  find  (if  they  are  free 
to  move)  the  ends  of  such  springs  turning  in  a  direction  which 
would  uncoil  them,  and  in  the  case  of  loaded  extension  springs, 
under  the  same  condition,  their  ends  turn  in  the  opposite  direc- 
tion, such  as  would  tend  to  coil  them  up  still  further  or  decrease 
their  diameter.  This  is  partly  due  to  a  bending  action,  placing 
a  transverse  strain  upon  the  wire. 

Again,  when  a  spring  is  sustaining  a  load,  there  exists  a  direct 
shearing  strain,  which  tends  to  shear  the  wire  across  its  section 
the  same  as  a  load  on  a  beam  tends  to  cause  it  to  shear ;  such 
shearing  stresses  are  practically  negligible  in  springs  wound  many 
times  larger  in  diameter  than  the  diameter  of  their  wire;  but 
where  a  spring  has  a  small  diameter  compared  to  the  diameter  of 
its  wire  this  becomes  a  very  appreciable  quantity,  as  do  also  the 
bending  stresses  ;  and  by  turning  to  the  results  shown  in  this  paper 
in  paragrai)h  7,  under  "  group  IS,"  where  the  mean  diameter  of 
the  spring  is  only  about  3i  times  the  diameter  of  the  wire,  I  believe 
that  the  calculated  results  obtained  by  Professor  Benjamin,  show- 
ing a  very  high  modulus  of  elasticity,  were  due  to  excessive  bending 
and  direct  shearing  stresses  existing  with  those  of  torsion. 

Concerning  the  matter  of  straining  spring  wire  beyond  its 
elastic  limit,  and  the  results  following  such  "over-straining," 
thei'e  are  some  very  interesting  facts  which  do  not  seem  to  be 
generally  understood.  For  instance,  compression  springs,  when 
made  by  certain  methods  just  described,  after  leaving  the  coiling 
machine,  are  compressed  by  the  manufacturer  under  an  overload 
which  strains  them  beyond  their  elastic  limit  and  reduces  their 
length. 

When  a  rod  of  wire  is  twisted  beyond  its  elastic  limit  a  perma- 
nent set  takes  place,  and  a  point  on  the  circumference  of  the  wire 
does  not  return  to  its  original  position  when  the  load  is  removed. 

If  now  the  twisted  rod  be  removed,  it  will  be  found  that  the 
outer  parts  of  the  wire  are  subject  to  a  negative,  and  the  inside 
to  a  positive,  strain.  Next,  if  the  bar  be  subjected  to  any  twist- 
ing load  less  than  t'.ie  one  which  produced  the  permanent  set,  not- 
withstanding the  fact  that  this  new  load  may  be  greater  than  one 
which  would  load  the  spring  originally  beyond  its  limit  of  elas- 
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ticity,  no  further  permanent  set  will  take  place,  provided  the 
wire  be  twisted  in  the  same  direction  as  it  was  twisted  originally. 
If,  however,  we  attempt  to  twist  this  wire  in  the  opposite  direc- 
tion, just  about  one-half  of  the  original  load  will  produce  perma- 
nent set.  In  fact,  the  bar  in  its  new  state  has  twice  as  much 
elastic  strength  to  resist  torsion  in  the  one  direction  as  in  the 
other.  It  has  two  limits  of  elasticity  for  opposite  kinds  of  twisting 
loads,  and,  if  we  are  to  avoid  a  new  permanent  set,  we  must  take 
care  that  our  twisting  loads  do  not  exceed  these  limits. 

In  tracing  tlie  many  stresses  found  in  helical  springs  under  load, 
and  also  the  varying  limits  of  elasticity  of  the  wire,  my  purpose 
has  been  to  show  a  reason  for  the  many  expressions  of  dissatis- 
faction heard  concei-ning  the  application  of  the  formulae  given  in 
this  paper,  as  well  as  regarding  other  formnte  found  in  books 
treating  on  the  subject. 

During  the  course  of  my  spring  work,  I  attempted  to  obtain  a 
value  for  G  by  calculations  from  results  obtained  by  testing 
springs  in  the  testing  scale,  and  found  in  this  way  a  verv  large  range 
of  variations  (running  from  about  10,000,000  up  to  slightly  over 
16,000,000),  on  account  of  the  presence  of  many  other  stresses  in 
the  wire  of  the  loaded  spring  besides  those  of  torsion. 

When  experience  taught  me  to  realize  the  reason  for  my  un- 
satisfactory and  variable  results,  I  began  testing  torsionally 
straight  rods  of  wire  cut  directly  from  spring  stock,  and  then 
obtained  a  much  greater  uniformity  of  results,  running  from 
12,-100,000  up  to  13,000,000,  but  averaging  in  the  neighborhood 
of  12,600,000,  which  value  I  finally  adopted  for  all  kinds  of  steel 
under  all  degrees  of  temper, 

I  believe  that  this  latter  method  for  obtaining  the  true  value  of 
G  is  the  only  correct  one. 

I  am  sorry  to  find  that  I  preserved  so  little  data  in  my  experi- 
mental spring  work,  and  owing  to  this  fact  can  say  comparatively 
little  concerning  my  determined  value  of  S;  but  I  find  in  mj' 
notes  that  for  the  maximum  stress  in  the  normal  section  under 
the  load  P  (or,  in  other  words,  the  stress  at  the  most  remote 
fibre  of  the  section)  for  wires  running  larger  than  Xo.  1  gauge 
(which  is  approximately  '  of  an  inch  in  diameter)  and  for  those 
less  than  half  an  inch  in  diameter,  mv  adopted  values  were  : 

For    5-diameter  springs,  S  =  100,000 
"    10        "  "        S=    75,000 

'•15        "  "        S  =    50,000 
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The  diameter  of  the  spring  used  for  most  calculations  is  that 
measured  from  the  centre  of  the  wire  on  one  side  to  the  centre  of 
the  wire  on  the  opposite  side,  at  right  angles  to  the  axis  of  the 
spring.  In  the  spring  business  I  termed  this  the  pitch  diameter 
of  the  spring,  to  distinguish  it  from  the  inside  or  outside  diameter. 

A  spring  having  a  pitch-diameter  equal  to  five  times  the 
diameter  of  the  wire  composing  it,  was  commonly  termed  a 
5-diameter  spring. 

It  will  be  seen  that  the  above  values  for  S  do  not  differ  greatly 
from  those  given  by  Professor  Benjamin.  For  smaller  wires  than 
No.  1  gauge  ray  values  for  S  were  greater  than  those  given  above, 
as  stated  by  Professor  Benjamin  in  this  paper. 

I  am  afraid  that  I  will  be  obliged  to  take  exception  to  Professor 
Benjamin's  definition  of  a  well-proportioned  spring,  where  he 
places  a  3-diameter  spring  within  the  range  of  good  proportion. 

Experience  has  taught  me  that  a  ratio  between  the  diameter  of 
the  wire  and  the  diameter  of  the  spring  of  1  to  5  is  as  low  a  limit 
for  R  as  it  is  safe  to  adopt  for  good  serviceable  springs.  From 
7  to  9-diameter  springs  certainly  give  the  best  all-around  results, 
and  I  would  advise  the  adoption  of  such  proportions  whenever  it 
is  possible  to  use  them. 

Mr.  Geo.  L.  Fowler.— I  am  particularly  interested  in  this  paper 
on  account  of  its  application  to  railroad  work,  and  especially  as  it 
seems  to  corroborate  work  which  has  already  been  done  in  that 
direction. 

A  number  of  years  ago  there  was  confusion  upon  confusion  on 
the  subject  of  helical  springs,  especially  for  those  used  as  equalizer 
springs  under  passenger  cars.  There  were  any  number  of  patents 
taken  out  on  all  sizes  and  shapes  of  springs — elliptic  section  of 
wire,  with  the  major  axis  vertical  or  horizontal,  diamond-shaped 
springs,  and  springs  made  with  a  taper  bar — all  were  patented, 
and  the  railroad  companies  were  paying  very  decent  royalties  for 
the  use  of  these  various  fancy  shapes. 

Mr.  Theodore  M.  Ely,  of  the  Pennsylvania  Eailroad,  came  to 
the  conclusion  that  his  company  was  paying  more  for  royalties 
than  the  thing  was  worth,  and  started  an  investigation  in  regard 
to  a  plain,  round  bar,  coiled  into  a  helical  spring  on  which  no 
patent  could  be  secured,  to  see  if  he  could  not  secure  equally  re- 
liable and  satisfactory  results,  using  these  under  his  passenger 
cars.  He  made  a  long  series  of  experiments.  I  think  they  are 
given  somewhat  in  detail  in  the  Transactions  of  the  Society,  by 
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Mr.  Cloud,  Yol.  V.,  p.  173,  and  the  result  of  those  experiments 
was  a  corroboration  of  the  Reuleaux  formula.  That  necessitated 
a  knowledge,  the  gist  of  which  is  stated  in  the  last  of  paragraph 
6  of  this  paper,  thus  : 

"  A  safe  value  of  S  can  be  determined  only  by  one  having  an 
accurate  knowledge  of  the  phj'sical  characteristics  of  the  steel,  the 
jn-oportions  of  the  spring  and  the  conditions  of  use." 

That  is  the  gist  of  the  whole  matter. 

Of  course,  under  the  circumstances,  a  railroad  has  the  facilities 
for  getting  all  of  that  information.  The  result  of  the  experiments 
made  by  the  Pennsylvania  Company  was  that  they  specified  a 
particular  grade  of  steel,  to  be  handled  in  a  particular  way,  in 
the  making  of  a  spring  to  be  used  for  a  particular  service ;  on 
all  of  their  work  for  many  years  past,  the}'  have  worked  in  ac- 
cordance with  the  Eeuleaux  formula,  and  the  service  has  been 
satisfactory,  and  more  than  satisfactory  in  every  pai'ticular.  I 
am  of  the  impression  that  the  French  Spring  Company  is  doing 
a  great  deal  of  this  work  under  the  Pennsylvania  specifications, 
although  of  that  I  am  not  positive.  This  paper  treats  of  prac- 
tically a  repetition  of  previous  work  which  has  been  done  in  the 
same  line,  and  is  valuable,  so  far  as  it  goes,  in  that  way  ;  but  the 
gist  of  the  whole  thing  lies  in  paragraph  6. 

Of  course,  the  large  railroad  companies  buying  large  quantities 
of  springs  can  go  into  all  of  those  matters,  whereas  the  small 
buyer  who  uses  but  a  comparative!}'  small  number  of  springs,  and 
is  obliged  to  specify  that  he  wants  to  accomplish  certain  results, 
has  to  leave  it  entirely  to  the  spring-maker  to  do  the  experiment- 
ing ;  but  the  spring-maker  must  Avork  in  accordance  with  this 
formula.  My  experience  has  shown  that  the  Eeuleaux  formula 
is  correct  for  all  grades  of  material,  provided  you  know  what 
grade  of  material  you  are  using. 

Professor  Benjamin." — I  am  sorry  that  Mr.  French  is  not  here 
himself  to  answer  the  questions  which  have  been  asked,  and  to 
close  the  discussion.  I  do  not  feel  competent  to  answer  all  of 
these  questions,  as  I  was  not  present  when  the  experiments  were 
made  and  know  nothing  of  the  apparatus. 

The  variation  in  the  values  of  G,  I  personally  should  be  in- 
clined to  attribute  to  the  combined  stresses  which  Mr.  Cary  has 
mentioned;  the  formula  for  the  modulus  of  elasticity  does  not 

*  Author's  closure,  under  the  Rules. 
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take  account  of  these  stresses,  and  the  value  of  G,  which  is  here 
obtained,  is  suitable  for  springs  and  for  nothing  else. 

It  is  a  good  working  vahie  to  use  in  designing  other  springs  of 
a  similar  character,  but  does  not  in  any  way  represent  the  torsional 
elasticity  of  the  wire  itself.  The  same  would  be  true  of  the  value 
of  S,  which  is  supposed  to  mean  tlie  shearing  stress  on  the  outer 
fibres.  It  would  be  correct  for  designing  springs,  but  not  for 
other  purposes. 

It  seems  to  me  that  we  ai'e  no  worse  off  as  to  spiral  springs,  and 
the  formulas  whicli  have  been  quoted,  than  we  are  in  the  cases  of 
beams  or  columns,  or  in  nearly  every  structure  with  which  we 
have  to  deal.  Each  formula  applies  to  the  design  of  the  particu- 
lar kind  of  structure  on  whicli  the  experiments  were  made,  when 
that  formula  or  the  constant  for  that  formula  was  deduced.  I 
note  Mr.  Gary's  criticism  concerning  the  use  of  the  word  "  spiral." 
Technically  he  is  correct,  but  spiral  spring  and  spiral  cutter  are 
terms  so  continually  used  as  to  be  understood  by  all. 

Mr.  Foioler. — I  would  like  to  ask  if  the  springs  were  not  all 
coiled  hot,  which  would  eliminate  the  criticism  in  regard  to  the 
springs  coiled  from  a  tempered  wire. 

Professor  Benjamin. — I  am  quite  sure  that  the  springs  were  all 
coiled  hot,  and  that  the  tempering  was  a  subsequent  process. 

Mr.  Fowler. — In  the  paper  I  notice  it  speaks  of  the  springs 
being  made  of  tempered  wire.     That  is  doubtless  a  mistake,  then  ? 

Professor  Bejyamin. — Yes,  sir. 

Mr.  Gary. — The  spring  is  made  of  a  soft  wire  wound  hot  and 
tempered  afterwards. 
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THE    HOW  AXD    THE    WHY    OF    THE    PORRO   PRISM 
FIELD-GLASS.\ 

BY  WORCESTEn   ItEED   WARNER,   CLEVELAND,   O. 

(Member  of  the  Society.) 

1.  Six  years  ago  the  writer  brought  home  from  Germany  a 
sti-ange  new  kind  of  field-glass,  called  the  Zeiss  prism  biuocnlar, 
one  of  the  first  made,  and  among  the  earliest  imported  into  this 
country.     It  looked  like  an  eccentric  and  somewhat  unlovely 


Fig.  128.  — PoTiKO  Pkisms. 

opera-glass,  and  persons  casually  handling  it  gasped  to  hear 
that  it  cost  forty  dollars.  In  the  meantime,  however,  the  public 
has  grown  used  to  seeing  prism  binoculars,  and  liardened,  in  a 
way,  to  their  price,  realizing  that  they  are  instruments  of  pre- 
cision, to  which  all  other  kinds  of  field-glasses  bear  about  the 
same  relation  as  that  of  a  cheap  watch  to  a  fine  chronometer. 
Each  has  its  place  in  the  world ;  the  costlier  is  to  be  accounted 
a  luxury.  But  what  the  public  has  not  yet  come  to  wholly 
understand  is  the  reason  why  the  prism  binocular  gives  its  mar- 

*  Presented  at  the  New  York  meeting  (Decern lier,  1901)  of  the  American  Society 
of  Mechanical  Engineers,  and  formins  part  of  Volume  XXIII.  of  the  Transactions. 

\  For  further  discussion  on  this  topic,  c^nsult  Trnnmetinns  as  follows  : 
No.  750,  vol.  xix,  p.  37:  "The  Telescope  Considered  Historically  aud  Practi- 
cally."   W.  R.  Warner 
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vellous  results.  Since  these  insure  its  permanency  and  develop- 
ment beyond  all  pei'adventure,  a  simple  analysis  of  the  principles 
involved  becomes  an  essential  part  of  the  average  man's  educa- 
tion, and  is  surely  not  to  be  overlooked  by  the  engineers  form- 
ing this  Society,  some  of  whom,  doubtless,  own  and  use  the 
instrument  without  fully  understanding  the  how  and  the  why 
of  it. 

2.  The  combination  of  prisms  called  by  his  name  was  invented 
about  fifty  years  ago  by  the  French  engineer  and  optician 
Porro,  to  whom  a  patent  was  granted  by  Napoleon  III.  The 
principle  of  Porro's  invention  is  illustrated  by  Fig.  129,  where 
two  prisms,  each  having  one  90-degree  angle  and  two  45-degree 
angles,  are  shown  in  their  relative  positions.  A  jjencil  of  light, 
or  the  image  of  an  oljject  passing  through  them  is  inverted. 

3.  To  follow  the  development  of  terrestrial  telescopes  and 


Fig.  129. — Path  op  Lkjht  throuou  Pokiso  Prisms. 

clearly  make  comparisons,  we  must  illustrate  by  diagrams  the 
principles  governing  the  three  common  types  of  refracting  tele- 
scopes, together  with  the  Porro  prism  telescope. 

Fig.  130  shows  a  sectional  view  of  the  instrument  known  as  the 
Galilean  telescope,  which  is  the  s:ime  thing  as  our  common 
field  or  opera  glass. 

In  this  telescope  ihe  rays  of  light  collected  by  the  object- 
glass  are  allowed  to  pass  through  a  system  of  double  concave 
lenses  Ixforc  reaching  the  focus,  with  the  result  that  the  con- 
verging pencils  of  light  gathered  from  the  various  parts  of  the 
field  are  made  divergent  as  they  emerge  from  the  concave  eye-lens 
ready  to  enter  the  eye.  As  this  divergent  cone  of  pencils  of  light 
is  necessarily  many  times  larger  than  the  jDupil  of  the  eye,  but 
a  small  part  of  the  field  gathered  by  the  objective  can  be 
utilized  ;  hence  the  very  small  field  of  view  in  all  telescopes  of 
this  type.  This  limitation  necessitates  vei-y  low  magnifying 
powers,  the  highest  we  find  being  but  6  diameters,  while  the 


THE   HOW   AJID   THE   WHY   OF   THE   PORRO   PRISM   FIELD-GLASS. 


315 


usual  power  for  Galilean  field-glasses  is  but  4  or  5  diameters, 
and  for  opera-glasses  but  2  to  3  diameters,  which  latter  is  gener- 
ally considered  sufficient  for  ordinary  theatre  use. 

4.  Fig.  13 1  illustrates  the  arrangement  of  lenses  and  the  path 
of  light-rays  in  the  type  of  terrestrial  telescope  commonly  known 
as  the  "  spy-glass." 

The  rays  of  light  gathered  by  the  object-glass  reach  their 
focus  at  the  "  focal  plane,"  and  back  of  this  is  the  system   of 
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Fig.  130.— Galilean  Telescope  (Opeba-glass 


lenses  forming  the  erecting  eye-piece,  from  the  eye-lens  of  which 
the  pencil  of  light  passes  to  the  eye.  In  this  type,  also,  the 
field  of  view  is  necessarily  so  reduced  as  to  make  the  use  of  the 
instrument  very  unsatisfactory.  It  must  be  quite  long,  too,  and 
therefoi-e  very  hard  to  hold  steadily. 

5.  Our  next  illustration  is  the  astronomical  telescope  shown 
in  Fig.  132. 

This  is  the  most  simple  and  most  perfect  of  all.  As  in  the 
other  types,  the  object-glass  gathers  the  light  and  sends  it  down 


FOCAL  PLANE. 
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Fig.  131. — Tekrestrial  Telescope  (Spt-glass). 

toward  the  focus  at  the  "  focal  plane,"  where  it  is  taken  by  the 
simple  astronomical  eye-piece.  Thence  it  emerges  in  a  pencil 
of  light  smaller  than  the  pupil  of  the  eye,  which,  by  using  the 
same  magnifying  power  as  in  the  other  types  mentioned,  is 
enabled  to  observe  a  field  of  view  three  times  the  diameter  I'nine 
times  the  area')  shown  in  either  of  the  instruments  illustrated  in 
Figs.  1 30  and  131.    Eut  in  this  instance  the  object  is  seen  inverted. 
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All  astronomical  telescopes  show  the  object  thus ;  which  is  all 
right  for  the  stars,  but  will  never  do  for  terrestrial  observation. 

6.  Now,  if  we  could  erect  the  image  of  the  object  shown  in 
the  astronomical  telescope,  we  should  have  the  finest  terrestrial 
telescope  possible.  This  is  just  what  is  done  by  introducing 
the  Porro  prisms.  The  object  is  now  shown  with  all  the  clear- 
ness, definition,  and  large  field  of  the  astronomical  telescope, 
and  in  an  erect  position ;  and  so  the  pretty  problem  is  solved. 

7.  But  there  are  several  questions  to  be  asked  by  the  thought- 
ful man  who  handles  one  of  these  field-glasses.  We  may  as  well 
anticipate  them,  and  answer  them  in  turn. 

First.  Just  how  do  the  prisms  do  their  part? 
The  prisms  serve  a  twofold  purj^ose,  the  first  and  most  impor- 
tant being,  as  has  been  said,  the  erection  of  the  object  observed, 

rFOCAL  PLANE. 


Fig.  133.— Astronomical  Telescope. 

and  the  second,  the  shortening  of  the  telescope  by  twice  turning 
the  ray  of  light  upon  itself,  so  that  the  total  length  adjusted 
for  use,  whether  for  6,  8,  or  10  power,  is  but  four  inches,  and 
the  total  weight,  in  binocular  form,  but  thirteen  ounces,  so  small 
and  light,  indeed,  that  it  can  easily  be  carried  in  the  pocket. 

Each  triple  barrel  of  the  prism  field-glass  contains  two 
double  reflecting  prisms,  as  shown  in  the  diagram.  Fig.  133. 

The  rays  of  light  j^assing  through  the  object-glass  enter  the 
first  prism  in  such  a  way  as  to  be  twice  totally  reflected,  each 
time  at  an  angle  of  90  degrees,  thus  emerging  parallel  to  the 
entering  ray,  but  in  the  opposite  direction.  It  is  then  caught  by 
the  second  prism,  and  is  similarly  reflected  and  sent  on  its  course 
toward  the  eye-piece,  in  its  original  dii-ection,  without  change, 
except  in  one  very  important  particular ;  viz.,  the  image  of  the 
object  observed,  which  without  the  intervention  of  the  prisms 
would  be  upside  down,  is  now  erect,  and  is  ready  to  be  magni- 
fied by  the  simple  astronomical  eye-piece,  just  as  the  stars  and 
planets  are  magnified  in  tlie  largest  telescopes. 

Second.  IIow  can  the  field  be  so  surprisingly  large  here,  or 
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why  is  tlie  field  shown  by  the  old-time  glasses  so  small?  Let 
us  try  aud  get  a  correct  comparison  of  the  two  types  of  tele- 
scope. 

8.  When  observing  with  the  Galilean  telescope  (opera-glass 
type),  the  axes  of  the  pencils  of  light  flowing  from  the  several 
parts  of  the  field  gathered  by  the  objective  are  divergent  as  they 


Fig.  133. — Warner  &  Swaset   Universal    Prism   Field-glass  (Sectional 
View). 

emerge  from  the  concave  eye-lens ;  and  as  they  cover  an  area 
many  times  the  size  of  the  pupil  of  the  eye,  most  of  the  light  is 
lost ;  the  field  utilized  is  very  small,  and  can  be  moved  over 
an  extended  area  by  moving  the  eye  about  the  eye-lens  of  the 
iustriiment,  as  when  looking  through  a  paper  cone  from  the 
larger  end. 

The  Porro  prism  field-glass  is    constructed  on  exactly  the 
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opposite  principle.  The  axes  of  the  pencils  of  light  coming 
from  the  several  parts  of  the  field  are  concentrated  by  the  con- 
vex lenses  of  the  eye-piece,  and  emerge  from  the  eye-lens  in  a 
pencil  of  light  small  enough  to  all  enter  the  pupil  of  the  eye 
in  the  same  natural  manner  as  we  observe  with  the  unaided 
eye  in  looking  through  a  paper  cone  from  the  suialler  end,  with- 
out strain  or  weariness  to  the  eye,  thus  giving  a  large  and  unin- 
terrupted field  of  view,  three  times  the  diameter  (nine  times  the 
area)  possible  in  the  old  style  instrument  of  the  same  power, 
as  shown  by  Figs.  13i  and  135. 

9.  In  the  development  of  the  prism  binocular  it  has  been 
found  that  the  magnifying  powers  which  may  be  most  advan- 
tageously used  range  from  6  to  10  diameters.  It  is  true  that  no 
one  power  is  best  for  all  purposes.  A  good  average,  however, 
is  reached  in  the  6  and  the  8  powers,  which  axe  those  in  most 
popular  use.  The  uninitiated  often  make  the  mistake  of  think- 
ing that  the  highest  powers  are  most  desirable,  which  is  far 
from  the  fact.  Any  increase  in  power  must  be  met  by  a  decrease 
in  field  of  view,  by  a  diminution  of  light,  and  also  by  an  increase 
in  the  effect  of  unsteadiness  of  the  instrument  while  observing. 
The  Porro  prism  glasses  are  so  short  that  they  can  be  better 
held  than  any  other  kind  of  terrestrial  telescope,  and  therefore 
there  is  no  practical  difficulty  in  holding  an  S-power  with  sufli- 
cient  steadiness  to  make  terrestrial  observation  successful.  Any 
higher  power  than  this  is  apt  to  cause  annoyance  from  the  rea- 
sons mentioned,  while  the  6-power  (which  is  as  high  as  any  of 
the  old-style  Galilean  field-glasses)  is  eminentl}-  satisfactory  for 
natural  history  and  general  landscape  observations ,  and  the 
fact  that  its  field  is  three  times  as  large  as  is  possible  in  the 
Galilean  telescope  of  the  same  power  is  enormously  in  its  favor. 

10.  A  few  minutes'  practice  will  enable  one  to  quickly  deter- 
mine the  power  of  any  opera  or  field  glass. 

Place  the  left  eye-piece  to  the  right  eye,  closing  the  left  eye 
meanwhile,  and  carefully  focus  on  a  near  object,  preferably  a 
window  across  the  street.  With  this  object  clearly  in  view, 
open  the  left  eye,  when  two  images  of  the  window  will  be  evident 
— one  magnified  by  the  instrument  and  the  other  as  seen  by  the 
unaided  left  eye.  An  instant's  comparison  will  show  how  many 
times  longer  and  wider  is  the  image  shown  by  the  telescope  than 
the  one  viewed  by  the  unaided  eye.  This  ratio  represents  the 
power  of  the  field-glass  in  diameters. 
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The  magnifying  power  of  the  two  field-glasses  cau  readily  be 
compared  by  observing  an  object  with  both  at  the  same  time, 
using  one  eye  for  each  of  the  glasses  tested. 


Fig.  134.  — Field  Sii.iw.n  dt  tiii,  Hi-,>t  Piui^si  Field-gl.\ss. 

11.  The   many  special  advantages   possessed   by    tlie    Porro 
prism    field-glass  early  attracted  the  attention  of  Government 


Fig.  135.— Field  Shown  by  tiii:  I'li.-r  i  ii.d-sttle  Fiei,d-gl.\ss  of  the  S.^me 
Power. 

officials  throughout  the  world,  and  after  searching  investigation 
and  severe  tests  these  instruments  have  been  very  generally 
adopted  for  Government  use.     During  the  last  year  Germany 
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ordered  over  six  thousand  of  tlienn,  while  England  has  sent  as 
many  or  more  to  South  Africa  ;  and  in  the  various  departments 
of  our  own  Government  they  have  become  very  popular  and  are 
rapidly  taking  the  place  of  all  other  field  glasses.  The  fact  that 
they  give  greater  jjower  and  field,  with  better  definition,  and  at 
the  same  time  are  but  a  fraction  of  the  size  of  the  old  Galilean 
type,  is  a  sufficient  explanation  of  their  popularity  for  Army  and 
Navy  use. 

12.  In  view  of  the  great  advantages  possessed  by  these  instru- 
ments over  all  other  terrestrial  telescopes,  why,  you  will  ask, 
did  the  invention  wait  a  half  century  before  practical  use  was 
made  of  it?     There  are  at  least  two  adequate  reasons  : 

First — The  best  optical  glass  manufactured  at  that  time  ab- 
sorbed so  much  light  as  to  render  impracticable  the  siiccessful 
use  of  Porro  prisms  made  of  it. 

Second — Opticians  have  only  within  recent  years  known  how 
to  make  absolutely  flat  surfaces,  without  which  the  object  seen 
through  the  Porro  prism  telescope  is  distorted. 

Both  difficulties  have  been  brilliantly  conquered.  The  boro- 
silicate  glass  made  by  Mantois  of  Paris  and  Schott  of  Jena,  and 
-which  is  exclusively  used  for  these  prisms,  is  so  nearly  perfect 
that  but  4  per  cent,  of  light  passing  through  it  is  lost  by  absorp- 
tion. Moreover,  optically  flat  surfaces  are  now  made  correct 
within  a  limit  of  less  than  one- tenth  of  a  wavedength  of  light 
(meaning,  in  linear  measure,  less  than  Tnru'.Trro  of  ^n  inch),  and  it 
is  a  proper  source  of  pride  to  us  all  that  our  own  honored  fellow - 
member  of  this  Society,  Mr.  John  A.  Brashear,  is  the  founder 
and  head  of  the  works  which  lead  the  world  in  this  class  of  pro- 
duction. The  spectroscope  prisms  made  in  his  laboratory  are 
in  use  in  the  leading  observatories  of  the  world  and  liave  never 
been  equalled,  while  the  Porro  prisms,  which  he  manufactures 
by  the  thousands,  are  the  most  perfect  ever  made. 

13.  The  credit  for  first  applying  the  principle  practically  in 
bringing  out  a  successful  Porro  prism  field-glass  belongs  to  Ur. 
Abbe  of  Jena,  the  able  leader  and  manager  of  the  famous  Zeiss 
works,  which  have  done  so  much  in  perfecting  optical  instru- 
ments. This  was  in  1895.  Dr.  Al)be's  instrument,  known  as 
the  "Zeiss,"  is  shown  in  Fig.  13(1  This  represents  the  original 
design  which  has  remained  unchanged  since  its  introduction  in 
the  year  mentioned.  The  focal  adjustment  is  made  by  separately 
turning  each  eye-piece  on  its  axis.     The  American  makers  of 
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this  instrumeut,  the  Bausch  <t  Lomb  Optical  Co.,  have  recently 
improved  it  by  adopting  a  iiniversal  focal  adjustment.  The  two 
triple  tubes  are  hinged  so  as  to  allow  adjustment  between  the 
eye-pieces  to  suit  the  pupillary  distance  of  the  eyes  of  the  ob- 
server. The  hinge  so  connects  the  lubes  as  to  j)lace  the  objec- 
tives about  an  inch  wider  apart  than  the  eyes,  which  feature  has 
been  alleged  to  impart  a  stereoscopic  effect.  As  a  matter  of  fact, 
the  clearness  and  the  sharpness  of  definition  in  these  instruments 
were  so  far  in  advance  of  what  had  been  previously  obtained 
that  the  improvement  was  mistakenly  attribiited  to  the  greater 


Fio.  136. — Zeiss  Prism  Field-glass. 

width  between  the  objectives.     This  belief  is  still  held  by  some 
persons  who  have  not  investigated  the  claim. 

14.  The  facts  are,  however,  easily  demonstrated  by  means 
of  an  iustriiment  invented  for  the  purpose  and  shown  in  Fig.  137. 
In  the  barrels  of  this  instrument  the  triple  telescope  tubes  are 
moimted  to  swing  on  the  optical  axes  of  the  eye-pieces  in  such 
wise  as  to  admit  of  being  turned  either  to  give  the  objectives 
the  same  relative  j^osition  as  shown  in  the  Zeiss  instrument,  or 
to  a  position  practically  the  same  distance  apart  as  the  eyes.  As 
the  cut  shows,  the  instrument  is  so  constructed  that  tests  can  be 
made  without  the  observer's  knowing  the  positions  of  the  objec- 
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tives.  Thereby  all  prejudice  is  eliminated,  with  the  result  that 
the  keenest  exj)ert,  observing  an  object  across  the  street,  or  the 
distant  landscape,  cannot  tell  in  which  relative  position  the  ob- 
jectives are  placed  ;  which  fact  conclusively  proves  that,  for  field- 
glasses  the  claim  of  increased  stereoscopic  efi^ect  by  an  increased 
separation  of  the  objectives  is  untenable. 

15.  A  short  time  after  the  introduction  of  the  Zeiss  glass  came 
the  Goerz  binocular,  illustrated  in  Fig.  13S.  This  is  also  made 
in  Germany.  The  pupillary  distance  is  adjusted  by  parallel 
slides  actuated  by  racks  and  pinions.  A  similar  movement  also 
gives  universal  focal  adjustment.     The  present  design  of  this 
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Fig.  137. 

instrument  is  the  same  as  when  first  jjut  on  the  market  five  or 
six  years  ago. 

Fig.  139  shows  the  American  model  of  universal  prism  field- 
glasses,  brought  out  by  The  Warner  &  Swasey  Company  two 
years  ago.  The  illustration  is  largely  self-explanatory  and 
shows  how  simple  and  symmetrical  design  may  embody  all 
essentials  with  a  minimum  number  of  parts.  That  this  point 
is  appreciated  is  proved  by  the  fact  that  the  design  has  been 
frankly  copied  by  leading  mauiifacturers  in  this  country  and  in 
England. 

As  an  evidence  of  the  development  of  manufacturing  in  ihe 
United  States,  it  may  be  added  tliat  the  highest  quality  of  Porro 
prism  field-glasses  are  made  here  and  sold  at  the  same  prices 
that  are  charged  for  similar  instruments  in  London,  Paris,  and 
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Fig.   138. — Goehz  Prism  Field-glass. 


Berlin,  the  American  interchangeable  system  of  manufacturing 
counteracting  the  effect  of  European  cheap  labor. 

So,  then,  for  soldier  and  sailor,  sportsman  and  scientist,  tour- 


FiG.  139. — W.-iRNER  &  Sw.\sEY  Univers.\l  Prism  Field-glass. 

The  Americnn  iiu;d<l. 
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ist  and — engineer,  let  us  say— these  admirable  instruments  are 
being  turned  out  in  ever  increasing  numbers,  and  there  is  no 
limit  yet  apparent  to  the  tlemand  ;  for,  be  it  remembered,  in 
our  progressive  country,  the  luxuries  of  to-daj  are  the  necessi- 
ties of  to-morrow. 

DISCUSSION. 

Mr.  William  Kent. — I  would  like  to  ask  Mr.  Warner  to  explain 
how  it  is  that  the  rays  which  enter  the  prism  get  deflected  at 
right  angles,  while  the  parallel  rays  the  second  time  around  go 
through  and  are  not  deflected. 

J//-.  Warner. — You  are  referring  to  Fig.  133?  Please  refer  to 
Fig.  129  ;  that  will  answer  the  question.  The  two  Porro  prisms 
are  set  so  that  the  long  axes  of  the  prisms  are  at  right  angles 
with  each  other. 

J//-.  Emory. — I  do  not  rise  in  criticism  of  the  paper,  but  to 
ask  for  information  upon  one  or  two  points.  Mrs.  Emory  has 
been  using  the  glass  for  observing  birds — studying  birds  in  their 
native  haunts.  In  order  to  study  the  bird  properly  it  must  be 
studied  through  the  glass.  She  soon  concluded  that  either  she 
was  a  very  poor  observer  or  the  standard  books  on  ornithology 
were  wrong,  because  she  could  not  get  the  tints  to  agree 

In  studying  nature  the  question  is  as  to  truthfulness  of  color. 
She  observed  that  the  finer  tints  of  some  of  the  birds,  where  the 
tint  is  delicate,  is  difficult  of  distinction,  but  the  definition  is 
very  much  finer  than  with  the  other  glasses  ;  you  can  see  a  bird 
much  quicker  ;  you  can  get  it  in  focus  quicker ;  and  you  can 
catch  it  on  the  wing — in  fact,  make  very  much  finer  observations 
of  the  form,  fiight,  and  other  characteristics  of  the  bird. 

I  suppose  that  the  manufacturers  have  considered  this  matter 
very  carefully  and  know  to  what  extent  this  diflicult}'  has  been 
eliminated.  I  would  like  to  know  to  what  extent  it  can  be 
further  eliminated. 

Mr.  Warner. — I  am  very  glad  to  say,  just  at  this  point,  that 
Mr.  Brashear  has  come  into  the  room  ;  he  has  made  a  scientific 
study  of  color — in  fact,  has  delivered  lectures  on  the  subject  and 
given  all  of  these  details — and  if  Mr.  Brashear  will  answer  Pro- 
fessor Emory's  question  it  will  be  much  more  satisfactory  to  all 
I  am  sure. 

2Lr.  John  A.  Brashear. — The  question  is  certainly  a  legitimate 
one.  The  selective  absorption  in  glass  is  a  qiiestion  which  is 
very  interesting  to  the  optician.     Some  of  the  finest  and  most 
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valuable  kinds  of  glass  have  recently  been  invented  by  the  man- 
ufacturers of  optical  glass  in  Jena  in  Germany,  the  government 
having  provided  a  subsidy  of  some  60,000  markg  for  experi- 
mental purposes. 

The  glass  from  which  the  prisms  of  this  binocular  is  made  is 
one  of  the  new  kinds  made  at  Jena,  and  is  called  boro-silicate 
crown ;  as  Mr.  Warner  has  already  pointed  out,  it  is  very  supe- 
rior for  this  purpose,  having  but  a  small  selective  absorption 
for  the  white  light  which  passes  through  it. 

This  is  not  the  case  with  a  great  many  reflecting  and  refract- 
ing materials.  Take,  for  instance,  a  highly  polished  silvered  sur- 
face such  as  we  find  in  the  best  mirrors.  You  would  probably 
imagine  that  it  reiiects  most  of  the  light  which  falls  upon  it ; 
but  if  you  arrange  two  mirrors  in  such  a  way  that  a  beam  of 
white  light,  containing  all  the  colors  of  the  spectrum,  shall  have 
twelve  reflections,  you  will  find  the  beam  of  light  at  the  last 
reflection  to  be  almost  pure  red,  having  been  robbed  of  the 
violet,  blue,  and  green  waves.  Many  kinds  of  glass  have  the 
same  j^roperties.  The  dense  Faraday  glass  will  absorb  nearly 
all  the  short  waves  after  transmission  through  four  or  five  inches 
of  thickness. 

The  boro-silicate  crown  is  very  white  and  transi^arent.  It  is 
also  what  we  call  a  dru  glass.  Many  of  the  crown  glasses  made 
have  a  great  affinity  for  the  moisture  in  the  atmosphere,  per- 
haps on  account  of  the  potash  in  them,  and  are  called  hygro- 
scopic. They  soon  become  dimmed  over  the  surface,  thus  shut- 
ting out,  as  well  as  diffusing,  much  light.  The  poli.shed  surface 
of  the  boro-silicate  crown  remains  free  from  "  patina  "  for  years. 

I  wish  to  say  that  the  larger  share  in  the  development  of  this 
excellent  field  glass  is  due  to  The  Warner  &  Swasey  Company. 
They  have  studied  it  in  every  part,  eliminating  all  superfluous 
attachments  ;  made  every  part  interchangeable  ;  and,  what  is  most 
imjjortant,  have  given  to  the  two  systems  ( /.  c.  the  two  tubes,  with 
their  optical  parts)  a  most  perfect  alignment  with  one  another, 
without  which,  even  if  all  other  things  were  made  perfect,  the 
instrument  would  not  fulfil  the  function  of  a  high-grade  field  glass. 

I  have  been  requested  so  many  times  by  our  secretary  and 
other  memljers  of  the  Society  to  give  you  a  paper  on  the  prep- 
aration and  testing  of  accurate  ojitical  surfaces  that  I  will  bend 
every  effort  to  prejjare  such  a  paper  for  one  of  our  meetings  in 
1902. 
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Mr.  James  M.  Dodge. — I  would  like  to  ask  Mr.  Brashear 
■whether  the  tremulousness  of  the  glass  when  held  in  the  hand 
does  not  acconut  for  a  great  deal  of  the  difficulty.  I  know  by 
personal  experience  in  using  marine  glasses  on  a  power  yacht, 
that  the  vibration  of  the  engine  makes  it  very  difficult  to  distin- 
guish clearly  the  red  and  green  lights  of  other  vessels.  There 
must  be  an  impression  made  on  the  eye  by  the  motion  that  is 
confusing.  If  the  glass  can  be  held  with  absolute  steadiness,  it 
is  possible  to  distinguish  objects  which  can  not  be  seen  if  the 
glass  is  shaking. 

Mr.  Brashear. — That  is  true  in  one  sense  of  the  word,  and  also 
in  another,  in  that  the  powers  being  so  high  add  to  that  tremu- 
lousness, because  it  must  be  remembered  that  every  increase  of 
power  put  upon  an  instrument  magnifies  all  motions  and  im- 
perfections in  the  same  ratio,  especially  disturbances  in  the 
atmosphere. 

Mr.  Warner:" — Just  a  word  regarding  the  power,  the  question 
raised  by  Mr.  Dodge.  It  is  most  natural,  and,  I  think,  usual,  for 
people  purchasing  a  terrestrial  telescope,  especially  of  the  binoc- 
ular type,  to  feel  that  they  want  to  get  as  high  a  power  as 
possible. 

I  remember  meeting  a  gentleman  on  the  steamer  who  had  a 
field  glass  magnifying  twenty  diameters  which  I  think  cost  eighty 
dollars,  or  about  that.  While  he  was  observing  a  passing  ship — 
and,  as  he  had  this  fine  glass  which  he  had  bought  in  Paris, 
manj-  of  his  friends  were  around  him,  also  watching  the  ship — 
I  stepped  up  to  him  and  asked  the  privilege  of  trying  it,  and 
incidentally  I  said,  "  Can  you  read  the  name  of  the  ship  ?  "  He 
said,  "  No,  I  cannot."  I  handed  him  an  eight-power  prism  glass 
to  use  while  I  was  iising  his,  and  he  at  once  read  the  name  with 
the  low-power  glass  ;  not  because  the  low  power  would  define  it 
better  if  it  was  still,  but  because,  with  the  high  power,  the 
motion  of  the  steamer  and  the  tremulous  motion  of  his  hands 
made  it  very  difficult  to  define  anything  ;  while  the  lower  power, 
having  a  lesser  apparent  motion,  enabled  him  to  at  once  read 
the  name  of  the  ship. 

2fr.  Brashear. — There  is  an  axiom  among  astronomers  which 
may  be  of  value  to  you  gentlemen  who  have  to  use  telescopes 
occasionally.  The  axiom  is  :  always  use  the  lowest  power  with 
which  you  can  see  best  the  object  observed. 

*  Author's  closure  under  the  Rules. 
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A     FOR  TABLE    ACCELEROMETER    FOR    RAILWAY 
TESTING. 

BY  F.   B.  CORET,   BCHENECTADT,  N.  T. 

(Member  of  the  Society.) 

1.  The  recent  rapid  development  of  high-speed  transportation, 
especially  that  which  involves  the  nse  of  electricity  as  the  motive 
power,  is  largely  due  to  the  attention  given  by  railway  engineers 
to  the  most  minute  details  of  locomotive  and  train  performance. 
In  order  to  obtain  exact  information  concerning  these  details, 
most  exhaustive  tests  are  instituted,  and  for  the  proper  carrying 
out  of  these  tests  new  measuring  instruments  have  been  devised, 
both  for  indicating  and  recording  the  magnitude  of  the  various 
functions  involved.  In  all  railway  work,  both  steam  and  electric, 
the  all-important  factor  to  be  considered  is  speed,  and  it  is  often 
necessary  to  secure  accurate  data  in  regard  to  the  rate  at  which 
the  speed  changes  imder  various  conditions  of  equipment  and 
operation.  To  obtain  the  desired  information  from  a  continuous 
speed  record  is  generally  as  unsatisfactory  as  it  is  laborious, 
and  various  devices  have  from  time  to  time  been  tried  in  order 
to  secure  direct  readings  of  acceleration  and  retardation  of 
moving  cars  and  trains. 

2.  The  following  seem  to  be  the  requirements  to  be  met  by 
a  practical  instrument  of  this  class  : 

(a)  It  should  have  no  delicate  moving  parts. 

{h)  It  should  be  susceptible  of  accurate  calibration,  and  this 
calibration  should  be  permanent. 

(c)  The  reading  scale  should  be  sufficiently  extended  to  render 
the  readings  reasonably  accurate. 

{d)  It  should  be  practically  "dead-beat"  to  record  rapid  fluc- 
tuations. 

*  Presented  at  the  New  York  meeting  (December,  1901)  of  the  American 
Society  of  Mechanical  Engineers,  and  fonning  part  of  Volume  XXIIL  of  the 
Transactions. 
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(e)  It  should  not  require  for  its  ojoeration  any  mechanical 
connection  with  the  axle. 

if)  It  should  be  of  such  size  that  it  may  be  readily  carried 
about  in  small  space. 

{cj)  It  should  either  be  independent  of  grades  or  be  capable  of 
measuring  the  degree  of  inclination,  so  that  its  indications  may 
be  readily  corrected. 

In  addition  to  the  above  requirements,  it  is  extremely  desir- 
able that  the  instrument  be  such  that  continuous  records  may 
be  made,  so  that  we  maj-^  properly  study  the  various  changes  of 
acceleration  and  retardation  throughout  any  given  period  of 
time. 

3.  The  instrument  which  I  am  about  to  describe  seems  to 
satisfy,  in  greater  or  less  degree,  each  of  the  above  require- 
ments, and,  although  it  has  certain  limitations,  I  believe  it  to 
be  more  generally  satisfactory  iinder  the  various  conditions  of 
practical  testing  than  any  instrument  of  the  kind  heretofore 
used. 

The  action  of  this  instrument  depends  upon  the  inertia  of  a 
small  mass  of  mercury  contained  in  a  horizontal  passage,  the 
ends  of  which  are  in  communication  with  two  short  vertical  col- 
umns of  mercury.  Thus,  the  flow  induced  in  the  horizontal 
passage  produces  a  difference  of  level  in  the  vertical  columns, 
which  difference  of  level  is  wholly  dependent  ou  the  horizontal 
component  of  the  acceleration  in  the  plane  which  passes  through 
the  axes  of  the  two  vertical  columns.  Upon  this  difference  of 
level,  or  rather,  upon  the  change  of  level  of  either  column  from 
a  given  zero  position,  must  depend  the  indication  of  the  instru- 
ment. In  a  small  instrument,  however,  such  as  might  be  con- 
veniently carried  in  the  pocket,  this  change  of  level  is  very 
small  For  instance,  assuming  a  distance  of  four  inches  between 
the  centres  of  the  mercury  columns,  the  change  of  level  would 
be  less  than  three-eighths  of  an  inch  for  an  acceleration  of  four 
miles  per  hour  per  second,-  which  is  about  the  maximum  pos- 
sible on  steel  rails.  It  is  therefore  evident  that  some  method 
of  multiplication  must  be  used  to  secure  a  reading  scale  suffi- 
ciently extended  for  practical  work.  For  this  purpose,  colored 
alcohol  or  other  liquid  of  low  specific  gravity  is  introduced  into 
the  spaces  above  the  mercury  columns,  to  which  spaces  the 
reading  tubes  are  connected.  The  reading  tubes  are  of  com- 
paratively small  diameter.     Thus,  the  ratio  of  the  cross-sectiou 
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of  the  mercury  column  to  the  cross-section  of  the  reading  tube 
becomes  approximately  the  multiplier  of  the  changes  of  merciiry 
levels.  The  upper  ends  of  the  two  reading  tubes  are  connected 
together  so  as  to  prevent  evaporation  and  sisilling  of  the  liquids. 
The  reading  scale  is  provided  with  vertical  adjustment  to  facili- 
tate the  proper  location  of  the  zero  point. 

Fig.  140  is  a  photograph  of  the  instrument  as  arranged  to  be 
carried  in  the  pocket.  In  this  form  it  is  found  to  be  very  con- 
venient.    By  placing  it  on  a  window  ledge,  or  other  convenient 


Fig.  140. —  Pocket  Accelbrometeb. 


place,  the  acceleration  and  retardation  of  any  car  may  be  easily 
observed. 

Fig.  141  is  a  jjartial  section,  showing  its  construction.  This 
particular  instrument  is  made  from  hard  rubber  with  glass 
reading  tubes  sealed  in. 

4.  Since  the  acceleration  of  gravity  (?)2.2  feet  per  second  per 
second,  or  21.95  miles  per  hour  per  second)  is  produced  by  an 
accelerating  force  (resultant)  of  i;nity,  that  is,  of  2,000  pounds 
per  ton,  it  is  evident  that  acceleration  may  often  be  best  ex- 
pressed in  effective  pounds  accelerating  force  per  ton  weight  of 
car  or  train.     Hence  we  have  two  separate  scales  for  reading  in 
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either  unit  desired,  each  of  which  imits  is  readily  convertible 
into  the  other. 

If  we  represent  any  given  horizontal  acceleration  as  a  frac- 
tional part  of  the  acceleration  of  gravity,  as  g  -^  u,  the  angle 
which  the  surface  of  any  liquid  thus  accelerated  will  make  with 
the  hoi'izontal  is  that  whose  tangent  is  1  -^  n.  Therefore,  in  the 
calibration  of  this  instrument,  we  have  only  to  lay  out  a  series 
of  angles  whose  tangents  ai-e,  say,  .05,  .10,  .15,  and  .20,  and  place 
the  instrument  at  the  corresponding  inclinations  to  determine 
the  points  on  the  reading  scale  corresponding  to  the  effective 


Pig.  141,— Section  op  Accelerometeh. 


accelerating  forces   of  100,   200,  300,  and   40i)   pounds  per  ton 
respectively. 

5.  It  is  evident  that  if  the  acceleromeber  be  set  to  the  zero 
position  when  the  car  is  either  at  rest  or  moving  uniformly 
on  either  a  level  or  gradient,  the  indications  will  be  accurate 
only  so  long  as  the  car  remains  on  track  of  constant  grade. 
"When  the  grade  changes,  the  accelerometer  must  be  readjusted 
or  the  proper  correction  made.  Usually  either  a  stop  or  a  jjeriod 
of  constant  speed  running  gives  opportunity  to  reset  the  instru- 
ment or  determine  the  correction.  When  this  cannot  be  done 
at  the  time  of  testing,  the  accelerometer  should  be  set  at  zero 
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ou  a  level  track,  aud  the  car  run  over  tbe  road  and  brought  to 
rest  on  all  grades  to  be  measured.  It  is  evident  that  used  in 
this  way  the  instrument  becomes  a  ^radiometer,  giving  an  indi- 
cation of  twenty  pounds  per  ton  for  every  one  per  cent,  of 
grade. 

6.  I  referred  above  to  the  desirability  of  an  accelerometer  by 
which  continuous  records  could  be  made.  In  fact,  without 
some  sucli  device,  the  accelerometer  is  useful  only  in  measuring 
maximum  and  minimum  values.    Fig.  142  shows  the  instrument 


Fig.  Hi. — Rkcording  AccLi.i:i;n.Mi  ti 


described  above,  mounted  on  a  recording  device  that  is  a  modi- 
fication of  one  originally  used  in  connection  with  an  ammeter. 
In  this  device  the  fluctuations  of  the  instrument  are  followed 
by  hand,  the  record  being  produced  upon  a  continuous  strij)  of 
coated  paper  which  is  caused  to  pass  at  uniform  speed  over  a 
drum  ;  the  drum  was  driven  by  an  ordinary  phonograph  motor. 
This  method  of  producing  record  curves  has  been  found  to  be 
entirely  satisfactory. 

7.  Fig.  143  is  a  reproduction  of  a  portion  of  the  record  strip  of 
a  run  with  a  single  car  of  approximately  40  tons  weight,  equi]3ped 
with  standard  electric  train-control  apparatus,  the  part  shown 
representing  a  short  run  (between  stations i  from  start  to  stop. 
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On  the  vertical  scale  1  space  represents  50  pounds  per  ton  effec- 
tive accelerating  force,  or  .55  mile  per  hour  per  second  acceler- 
ation, while  on  the  horizontal  scale  1  space  represents  a  time 
period  of  10  seconds. 

The  interpretation  of  this  diagram  is  as  follows :  Beginning 
at  J,  the  acceleration  rises  very  rapidly,  indicating  l.i  miles  per 
hour  per  second  after  an  elapsed  time  of  1.5  seconds.  The  ac- 
celeration rapidly  falls  off  until  the  master  controller  is  turned 
to  the  second  notch,  when  it  again  rises,  the  maxima  and 
minima  depending  largely  upon  the  skill  or  wishes  of  the  motor- 
man.     At  C  is  seen  an  almost  instantaneous  drop  in  acceleration, 


Fig.  14o.  — Uecord  from  Accelekh.meteb. 


the  curve  theoretically  touching  the  base  line.  This  occurs  at 
the  point  of  transition  from  the  series  to  the  parallel  motor  com- 
bination. The  error  here  is  due  more  to  inability  to  follow 
acciirately  the  sudden  fluctuations  than  to  any  fault  in  the  opera- 
tion of  the  instrument  itself.  At  D  the  full  parallel  position  is 
reached,  when  the  acceleration  rapidly  falls  off  until,  at  H',  it  has 
dropped  to  about  Ai  mile  per  hour  per  second.  At  this  point 
power  was  cut  off  and  the  acceleration  immediately  dropped  to 
a  negative  value  of  about  .13  mile  per  hour  per  second,  equiv- 
alent to  a  retarding  force  of  about  12  pounds  per  ton  due  to 
friction.  The  distance  J^G  represents  the  time  during  wliich 
the  car  was  allowed  to  coast  freely.  At  6^  a  service  application 
of  the  air  brakes  was  made,  the  retardation  rapidly  increasing 
until,  at  H,  the  full  power  of  the  brakes  is  applied.  From  //  to 
./  the  gradual  increase  in  retardation  will  be  noted,  due  to  the 
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increase  iu  the  coefficieut  of  friction  with  reduction  of  speed. 
At ./,  just  before  the  car  came  to  a  full  stop,  and  when  the  re- 
tarding force  had  reached  a  maximum  of  1 25  pounds  per  ton, 
the  brakes  were  partially  released  and  the  car  was  brought 
easily  to  rest. 

8.  There  is,  of  course,  an  error  in  this  instrument  due  to  the 
difference  iu  the  ascending  and  descending  meniscus  surfaces. 
With  columns  of  as  large  diameter  as  those  used,  however,  this 
error  would,  under  any  circumstances,  be  small,  and  here  it  is 
almost  entirely  obviated  by  the  slight  but  rapid  vertical  vibra- 
tion of  the  moving  car. 

One  of  the  most  noticeable  characteristics  of  this  instrument 
is  the  accuracy  with  which  it  will  follow  rapid  changes  without 
excessive,  and  sometimes  without  perceptible,  oscillation  due  to 
the  inertia  of  the  moving  liquids.  The  best  resiilts  are  obtained 
when  the  cross-section  of  the  passage  at  the  bottom  of  the  mer- 
cury columns  is  so  jjroportioned  as  to  give  the  proper  damping 
effect. 

9.  If  any  given  acceleration  be  multiplied  by  the  time  during 
which  it  is  maintained,  the  product  is  the  resulting  increment  of 
speed.  It  is  therefore  evident  that  the  integrated  area  between 
the  acceleration  curve  and  the  datum  line  up  to  any  given  ordi- 
nate multiplied  by  a  proper  constant  is  the  speed  of  the  car  at  the 
corresponding  instant.  This  constant,  or  the  speed  per  unit  of 
area,  is  equal  to  the  scale  of  abscissas  multiplied  by  the  scale  of 
ordinates.  For  examj)le,  in  Fig.  143  the  area  included  between 
the  acceleration  curve  and  the  datum  line  up  to  the  instant  at 
which  power  was  turned  oii"  is  found  to  be  0.66  square  inch. 
Therefore  the  speed  of  this  car  at  the  instant  corresponding  to 
.^^on  the  curve  was  20  (seconds)  multiplied  by  2.2  (miles  per 
hour  per  second)  multii^lied  by  0.66  =  29  miles  per  hour.*  If 
the  speed  is  to  be  measured  at  any  instant  during  retardation, 
the  requii'ed  area  is  the  algebraic  sum  of  the  areas  above  and 
below  the  datum  line  up  to  the-  designated  ordinate.  Thus,  by 
means  of  the  planimeter,  the  instantaneous  speed  of  the  car  may 
be  measured  directly  from  the  accelerometer  record. 

10.  Another  useful  application  of  the  accelerometer  is  in  the 
measurement  of  running  friction  under  different  conditions  of 
operation.      The  accelerometer,  as  has  been   explained,  gives 

*  On  the  original  diagram.  1  inch  on  the  vertical  scale  equalled  2.3  miles  per 
hour  per  second  acceleration  and  1  inch  on  the  horizontal  scale,  20  seconds. 
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directly  the  effective  resultant  accelerating  force  per  unit  of 
weight.  If,  therefore,  we  know  the  mass  moved  and  the  force 
applied  at  the  axle  or  draw  bar,  we  readily  obtain  the  friction 
loss  at  any  instant  by  comparison  of  this  forca  with  the  indica- 
tion of  the  accelerometer. 

From  the  above,  it  will  be  seen  that  an  instrument  of  the  class 
described,  although  not  strictly  an  instrument  of  precision,  is 
of  great  practical  value  to  the  railway  engineer,  and  it  is  to  be 
hoped  that  improvements  may  be  made  in  the  near  future  that 
will  still  further  enhance  its  value  as  a  testing  instrument. 

DISCUSSION. 

The  Secretary. — There  has  been  received  from  Mr.  Don.  J. 
Whitteraore,  member  of  the  Society',  a  letter  calling  attention  to 
a  paper  read  by  himself  before  the  Western  Societ}^  of  Engineers 
on  September  Y,  1898,  in  which  he  calls  attention  to  the  fact  that 
he  presented  and  described  at  that  time  an  instrument  having 
many  of  the  same  features  which  have  been  elaborated  by  Mr. 
Corey.  He  encloses  a  photograph  of  the  instrument,  which 
appears  to  be  almost  similar  in  form  to  the  original  of  Fig.  lil 
in  the  paper,  and  which  was  discarded  by  reason  of  errors  in 
determining  acceleration,  retardation,  or  centrifugal  forces.  Mr. 
Whittemore's  apparatus  was  designated  an  "  Equilibristat."  It 
is  Mr.  Whittemore's  opinion  that  the  source  of  the  error  arises 
when  the  instrument  is  calibrated  by  gravity  alone,  by  inclining 
the  device,  and  would  be  greater  in  proportion  to  the  combined 
length  of  the  horizontal  tube  containing  alcohol  as  compared  with 
the  combined  length  of  the  tube  containing  mercuiy.  If  the 
alcohol  tube  be  3  inches  and  the  mercury  tube  4  inches,  the  error 
would  be  approximately — 

Specific  Gravity  of  Alcohol  x  15  _   ^ 
Specific  Gravity  of  Mercury  x  4      ^^  ^' 

Mr,  Wilfred  Lewis. — I  may  sa}''  that  four  or  five  years  ago  I 
had  occasion  to  devise  an  instrument  for  a  similar  purpose,  which 
I  described  in  a  paper  read  before  the  Engineers'  Club  of  Phila- 
delphia as  an  inertia  indicator.  The  instrument  was  not  without 
defects,  and  it  could  not  be  called  an  instrument  of  precision  ;  and 
I  was  rather  disappointed  to  find  that  the  instrument  under  con- 
sideration had  not  advanced  to  be  entitled  to  that  distinction. 
The  recording  apparatus  is  apparently  not  automatic ;  the  move- 
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nient  of  the  colinnn  must  be  follt)\ved  Ijy  the  eye,  and  a  record 
must  be  made  by  hand.  The  same,  of  course,  can  be  done  with 
the  instrument  which  I  described  at  tiiat  time,  and  which  is  shown 
here  [exhibiting  the  instrument]. 

It  is  simply  a  curved  tube,  like  a  spii-it  level,  almost  filled  with 
alcohol,  leaving  an  air  bubble  to  be  laid  in  the  direction  of  accel- 
eration, and  it  is  graduated  into  tangents  of  the  angle  of  curvature 
so  as  to  register  the  percentage  of  acceleration  in  terms  of  the 
load  moved.  If  in  a  trolley  car  it  is  laid  on  the  window-sill,  it 
shows  about  12  per  cent,  in  the  starting  and  stopping ;  on  railway 
trains,  about  three  per  cent,  in  starting  and  about  12  per  cent,  in 
stopping.  The  instrument  under  consideration,  I  imagine,  would 
do  the  same,  but  they  are  both  subject  to  lag.  An  instmment  of 
this  kind  to  be  accurate  must  be  instantaneous,  and  it  is  impos- 
sible for  it  to  be  instantaneous  if  any  weight  is  involved.  In  this 
case  the  weight  involved  consists  of  a  horizontal  column  of 
mercury  and  the  fluid  which  is  carried  on  top.  To  prevent  over- 
run it  is  necessary  to  choke  the  flow,  and  if  the  time  limit  is  short, 
it  will  not  reach  the  figure  which  it  should.  I  do  not  know  which 
of  the  two  instruments  would  be  preferable.  They  might  be 
tested  together.  The  mercurial  accelerometer  has  the  possible 
advantage  of  using  a  rider  to  indicate  the  limit  of  motion,  whereas 
a  similar  index  is  not  conceivable  in  an  instrument  of  this  kind, 
where  readings  are  taken  from  the  position  of  an  air  bubble.  But 
in  the  case  of  a  column  it  would  be  possible,  I  have  no  doubt,  to 
make  use  of  a  rider  similar  to  that  used  in  maximum  and  minimum 
thermometers.  Very  often  the  movement  is  so  quick  that  you 
cannot  follow  it  with  the  eye ;  the  bubble  runs  to  a  certain  point, 
and  drops  back  before  you  have  time  to  read  it ;  but  where  the 
acceleration  is  continued  for  a  suflBcient  length  of  time,  the  indi- 
cations, I  think,  are  very  good. 

I  had  occasion  to  use  it  in  measuring  the  inertia  of  travelling- 
crane  bridges,  where  the  effect  of  the  movement  was  an  important 
matter  in  determining  the  strength  required  for  the  building.  It 
served  that  purjiose  very  well,  because  the  time  of  acceleration  was 
sufficiently  long  to  allow  the  bubble  to  make  its  movement  and 
stay  there  to  be  read.  Want  of  time  to  move  and  be  read  is  the 
difficulty  in  an  instrument  of  this  kind,  and  I  think  there  is  quite 
a  field  for  an  accelerometer  which  will  be  an  instrument  of  pre. 
cision,  and  which  will  be  self-recording,  which  this  is  not  as  yet. 

Mr.  Oeo.  L.  Fowler. — I  have  had  occasion  within  the  last  two 
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or  three  years  to  make  a  number  of  experiments  on  railway  trains 
and  cars  hauled  by  almost  every  conceivable  method  of  propul- 
sion, and  to  measure  the  acceleration  at  very  short  intervals.  I 
have  tried  various  devices,  but  found  that  an3'thing  which  de- 
pended upon  the  reading  of  the  eye  Avas  altogether  too  unreliable. 

In  the  first  place,  you  cannot  read  rapidly  enough  and  make 
j'our  records.  You  cannot  read  with  short  enough  intervals  of 
time,  and  there  is  such  an  amount  of  vibration,  and  so  much 
variation  in  the  acceleration  at  very  short  intervals,  that  the 
records  are  unreliable  unless  the}"^  are  made  strictly  automatic. 

The  most  satisfactory  apparatus  which  I  have  ever  used  consists 
of  two  very  simple  little  contrivances.  One  is  an  ordinary  double- 
registering  telegraph  instrument,  the  other  a  clock  which  will 
make  and  break  a  circuit  on  quarter  or  half  second  intervals,  with 
a  contact  device  placed  on  the  axle  of  the  car,  which  will  make 
and  break  the  circuit  either  on  half  or  whole  revolutions,  depend- 
ing upon  the  diameter  of  the  wheel.  By  running  one  circuit  from 
the  contact  on  the  axle  through  one  pen  of  the  recording  device, 
and  the  other  circuit  from  the  clock  through  the  other  pen,  I 
obtained  two  records  of  simply  a  series  of  dots,  one  series  repre- 
senting the  circumference  of  the  wheel  or  the  semi-circumference 
of  the  wheel,  according  to  the  contacts,  and  the  other  representing 
quarter  or  half  second  intervals.  By  running  the  paper  with 
sufficient  rapidit}^  it  is  a  ver^'  simple  matter,  with  an  ordinary 
pair  of  dividers,  to  get  j'our  time  intervals  down  to  a  twentieth  of 
a  second  ;  that  is  well  within  the  range  of  an  ordinary  scale.  In 
that  way  the  plotting  of  the  acceleration  curve  becomes  a  simple 
matter  which  can  be  put  in  the  hands  of  any  draughtsman.  It  does 
awaj'^  entirely  with  the  personal  equation  of  the  observer  and 
leaves  a  record  that  is  positive  in  every  particular  and  thoroughly 
reliable.  But  an  instrument  which  depends  upon  a  record  that  a 
man  has  to  take  and  set  down,  diverting  his  eye  from  the  instru- 
ment to  his  paper,  or  even  having  an  assistant  to  make  his  record, 
is,  for  accurate  and  close  work  on  the  acceleration  of  a  railway 
train,  in  my  opinion,  absolutely  and  totally  unreliable. 

Mr.  John  A.  Brasliear. — It  may  be  interesting  to  know  that 
Professor  Langle}^  used  such  a  device  as  the  gentleman  has  just 
spoken  of  in  his  aerodromic  studies.  He  called  it  a  dynamometer 
chronograph,  and  by  it  was  enabled  to  record  automatically  the 
energy  necessary  to  raise  the  body  of  a  bird  when  the  same  was 
set  with  wings  at  various  angles,  as  also  to  register  the  energy 
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given  out  by  certain  propellers  which  were  devised  to  attacli  to 
various  forms  of  flying  machines.  These  papers  have  Taeen  pub- 
lished by  the  Allegheny  Observatory  and  the  Smithsonian  Insti- 
tution, and  would  no  doubt  be  of  value  in  the  hands  of  such  a 
competent  observer  as  Mr.  Corey. 

Mr.  A.  A.  Cary. — How  would  j'ou  attach  it  to  flying  birds  ? 

M7'.  Brashear. — The  birds  in  question  were  not  living  speci- 
mens ;  but  were  carefully  prepared,  with  wings  spread  in  as  natural 
a  position  as  could  be  given.  Such  birds  as  condors  were  secured, 
with  wings  set  at  various  angles  on  an  almost  frictionless  slide,  so 
that  when  the  rotating  arm  attained  sufficient  speed  the  bird 
would  rise  between  the  slides,  and  the  motion  transmitted  through 
proper  means  was  at  once  registered  upOn  the  barrel  of  the  chro- 
nograph. 

Prof.  Alhert  Kingshury. — Several  speakers  have  referred  to  the 
undesirable  feature  of  this  instrument  involv^ed  in  the  registration 
by  hand,  or  following  by  hand  the  indications  of  the  instrument 
in  order  to  produce  one  of  the  elements  of  the  graphic  record. 
The  feature  is  one  which  I  found  valuable  for  certain  kinds  of 
tests.  Perhaps  for  this  particular  instrument,  where  the  varia- 
tions may  be  rather  rapid,  and  therefore  difficult  to  follow  accu- 
rately, it  may  not  be  so  useful ;  but  I  have  found  this  kind  of 
recording  apparatus  quite  useful  in  drawing  stress-strain  diagrams 
for  tests  of  materials.  In  this  case  the  indications  of  the  exten- 
someter  or  equivalent  device  do  'not  vary  very  rapidly,  and  the 
observer  can  follow  them  accurately  by  hand  while  the  load  or 
stress  is  recorded  mechanically. 

I  wish  to  call  attention  to  another  point,  however ;  viz.,  that  of 
the  corrections  for  grade.  The  author  indicates  three  methods  of 
allowing  for  grades  :  {a)  stops,  or  (J-)  periods  of  constant  speed, 
either  of  these  giving  opportunity  to  reset  the  instrument ;  (c) 
bringing  the  car  to  rest  on  all  grades  to  be  run  over.  Of  these 
methods  (a)  appears  to  be  out  of  the  question  in  ordinary  run- 
ning; {h)  might  be  satisfactory  if  there  were  means  of  determining 
when  the  speed  is  constant ;  but  if  the  accelerometer  is  to  be  the 
means  for  determining  constant  speed,  it  should  be  remembered 
that  even  if  it  indicated  zero  acceleration,  this  might  be  due  to  an 
unknown  grade  and  an  acceleration  having  an  effect  on  the  in- 
sti'ument  opposite  to  that  of  the  grade.  The  method  (c)  would 
require  some  means  for  identifying  the  ])osition  of  the  car  on  the 
track  at  any  instant  when  the  run  is  made,  a  requirement  for 
32 
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wliicli  no  provision  is  suggested.  It  would  therefore  seem  that 
the  usefulness  of  the  instrument  must  be  limited  to  runs  on  a  level 
track  or  on  long,  uniform  grades,  unless  tiie  grades  be  so  slight  as 
to  be  negligible. 

M)'.  A.  A.  Gary. — Mr.  Fowler  spoke  of  the  use  of  a  chrono- 
graphic  arrangement  in  his  apparatus.  I  have,  in  my  work,  used 
a  chronograph  having  a  second's  pendulum  closing  its  periodic 
electric  circuit  by  dipping  the  extreme  lower  end  of  the  pendulum 
in  a  small  cup  of  mercury  placed  directly  below  its  point  of  sus- 
pension. 

I  do  not  see  how  a  pendulum  chronograph  could  be  used  on  a 
train  which  is  constantly  being  accelerated  or  retarded.  Such 
changes  in  its  condition  of  motion  must  necessarily  affect  the  vi- 
bration of  the  pendulum  and  cause  it  to  "  lag,"  or  else  be  acceler- 
ated, and  thus  destro}'  its  function  as  an  accurate  timekeeper. 

On  the  other  hand,  should  a  balance-wheel  clock  arrangement 
be  used,  having  an  electrical  contact  piece  placed  on  the  balance- 
wheel  to  close  an  electric  circuit  periodically,  such  an  arrangement 
would  throw  the  whole  clock  out  of  balance  and  thus  destroy  the 
accuracy  of  any  record  it  might  make. 

These  are  difficulties  which  suggest  themselves  to  me,  and  prob- 
ably Mr.  Fowler  has  encountered  them  and  found  means  to  over- 
come them  ;  if  so,  I  would  like  to  hear  how  he  has  accomplished 
such  satisfactory  results. 

Mr.  Foioler. — Yes,  we  encountered  them.  In  the  first  place, 
we  did  not  use  the  pendulum  clock.  I  must  say  that  ray  clock 
arrangement  is  due  originall}^  to  Mr.  Park,  of  the  Westinghouse 
Air  Brake  Company.  He  took  an  ordinary  Seth  Thomas  clock, 
and  after  a  great  deal  of  labor,  a  great  deal  of  trouble,  and  a 
great  deal  of  expense,  succeeded,  with  the  assistance  of  a  verj^ 
skilled  clockmaker  and  electrician,  in  getting  .a  contact  device 
placed  upon  the  escapement  wheel  so  that  there  is  no  apparent 
frictional  resistance,  and  the  clock  keeps  true  time.  That  clock  I 
found  Avas  first  used  on  the  experiments  made  by  the  Westing- 
house  Air  Brake  Company  on  the  Lehigh  Valley  road — tests  in 
competition  between  the  "Westinghouse  and  the  New  York  Air 
Brake  companies  for  recording  the  intervals  of  time  between  the 
application  of  the  brake  on  the  engine  and  the  application  of  the 
brake  on  the  rear  car  of  a  fifty-car  train.  I  took  advantage  of 
Mr.  Park's  experience  and  expense  and  went  to  the  same  man 
with  identically  the  same  kind  of  a  clock.     He  fixed  the  clock  for 
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me,  and  it  apparently  keeps  accurate  and  correct  time  as  near  as 
a  tirst-class  iSeth  Tiaomas  clock  can  keep  it. 

The  advantage  of  the  apparatus  which  I  have  described  over 
the  one  used  by  Professor  Langle}'  is  that  Professor  Langley's 
apparatus  is  very  elaborate  and  very  expensive,  and  was  devised 
for  the  express  purpose  of  recording  minute  intervals  of  time 
upon  his  whirling-machine  test  at  the  Allegheny  Observatory, 
and  afterwards  at  the  Smithsonian  Institution.  The  full  descrip- 
tion of  that  instrument  is  in  a  paper  published  by  the  Smith- 
sonian Institution  on  aerodynamics,  by  Professor  Langley,  I  think 
in  1897  or  1898  ;  but  the  apparatus  which  I  described  is  one  of 
which  the  clock  can  be  prepared  in  three  days'  time  and  the  rest 
of  it  bought  in  the  open  mai'ket. 

Mr.  F.  B.  Corey*. — In  reviewing  the  discussion  of  this  paper  I 
wish  to  again  emphasize  the  statements  made  in  the  last  para- 
graph, in  which  attention  was  called  to  the  fact  that  the  instru- 
ment described  does  not  belong  to  the  class  known  as  precision 
instruments.  The  instrument  as  described  is,  however,  a  useful 
addition  to  railway  testing  apparatus,  the  degree  of  approxima- 
tion being  sufficient  for  most  conditions  under  which  such  au  in- 
strument is  used. 

There  is  an  error  in  the  method  of  calibration,  but  not  such  as 
suggested  b^'  Mr.  "VVhittemore,  as  it  is  not  a  constant  depending 
on  the  specific  gravity  of  the  liquids  or  the  relative  lengths  of  the 
tubes.  The  percentage  of  error  is  a  variable,  being  equal  to  the 
versed  sine  of  the  angle  of  inclination.  This  error  is  practically 
negligible  for  an  instrument  of  this  class,  being  less  than  three- 
tenths  of  one  per  cent,  for  an  acceleration  due  to  a  force  of  150 
pounds  per  ton. 

The  instrument  shown  by  Mr.  Lewis  is  a  very  interesting  and 
very  different  means  of  arriving  at  a  similar  result.  The  best 
method  to  determine  the  relative  advantages  of  each  is  indicated 
by  Mr.  Lewis's  suggestion  of  a  comparative  test. 

I  fear  that  the  photograph  of  the  recording  apparatus  is  not 
sufficiently  clear,  as  the  method  of  making  the  record  does  not 
seem  to  be  well  understood.  I  certainly  would  second  Mr.  Fow- 
ler's statement  that  any  instrument  depending  upon  a  record,  the 
making  of  which  involves  the  diversion  of  the  operator's  eye  from 
the  instrument  to  the  paper,  is  not  only  "  absolutely  and  totally 

*  Author's  closure,  under  the  liules. 
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unreliable,"  but  utterly  worthless  as  a  record  instrument.  While 
the  method  of  recording  used  in  this  instrument  is  by  no  means 
ideal,  the  results  show  that  it  is  sufficiently  good  for  most  pur- 
poses. Exactly  the  same  method  has  been  used  for  several  years 
to  secure  ammeter  records,  and  the  method  has  been  found  to 
give  results  far  superior  to  any  form  of  automatically  recording 
ammeter  yet  devised.  The  "  personal  equation  "  has  been  found 
to  introduce  a  far  less  error  than  exists  in  the  less  sensitive  and 
more  complicated  instruments  in  which  this  equation  has  been 
eliminated. 
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No,  928.* 

A    BOATS  SYSTEM   OF  REWARDiyQ   LABOR.\ 

BEING    A   SYSTEM    OF    TASK    WORK,    WITH    INSTRUCTION    CARDS 
AND   A   BONUS. 

BY  n.   L.   GANTT,   SO.   BETHLEHEM,   PA. 

(Member  of  the  Society.) 

1.  The  system  described  in  this  papei-  has  recently  been  intro- 
duced by  the  writer  into  the  large  machine  shop  of  the  Beth- 
lehem Steel  Company,  and  has  met  with  such  unqiialified  suc- 
cess that  a  description  of  it  would  seem  to  be  of  interest  to  the 
Society. 

2.  ^4/7)1  of  System. — It  is  an  attempt  at  harmonizing  the 
interests  of  the  employer  and  employee,  and,  while  it  affords 
substantial  justice  to  the  emj^loyee,  requires  that  he  shall  always 
conform  to  the  best  interests  of  his  employer.  That  it  accom- 
plishes such  a  result,  at  least  in  a  measure,  is  shown  by  the 
fact  that  it  has  caused  a  complete  change  in  the  whole  atmos- 
phere of  a  shop,  notwithstanding  the  fact  that  it  has  been  in 
operation  for  a  few  months  ouh'. 

3.  Desc/'ij)iion  of  System. — A  card  is  made  out,  showing  in 
detail  the  best  method  (so  far  as  our  present  knowledge  goes  on 
the  subject )  of  pei'forming  each  of  the  elementary  operations  on 
any  piece  of  work,  specifying  the  tools  to  be  used,  and  setting 
the  time  needed  for  each  of  these  operations  as  determined  by 
experiments.     The  sum  of  these  times  is  the  total  time  needed 

*  Presented  at  the  New  York  meeting  (December,  1901)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the 
Transactions. 

\  For  previous  discussions  on  this  topic  consult  Transactions  as  follows  : 
No.  256,  vol.  viii.,  p.  630  :  "  A  Pniblem  in  Profit  Sharing."     Wm.  Kent. 
No.  341,  vol.  X.,  p.  600  :  "  Gain  Sharing."     Ilenrv  U.  Towne. 
No.  459,  vol.  xii.,  p.  75.5:  "The  Premium  Plan  of  Paving  for  Labor."     F.  A. 

Halsey. 
No.  647,  vol.  xvi.,  p.  856  :  "  .4  Piece  Rate  System."     Fred.  W.  Taylor. 
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to  complete  the  piece  of  work.  If  the  man  follows  his  instruc- 
tions, and  accomplishes  all  the  work  laid  out  for  him,  as  consti- 
tuting his  jiroper  task  for  the  day,  he  is  paid  a  definite  bonus  in 
addition  to  the  day  rate  which  he  always  gets.  If,  however,  at 
the  end  of  the  day,  he  has  failed  to  accomplish  all  of  the  work 
laid  out,  he  does  not  get  his  bonus,  but  sim2:)ly  his  day  rate. 
As  the  time  for  each  detail  operation  is  stated  on  the  instruction 
card,  the  workman  can  see  continually  whether  he  is  earning  his 
bonus  or  not,  and  if  he  finds  any  operation  which  cannot  be  done 
in  the  time  set,  he  miist  at  once  report  it  to  his  foreman.  If,  on 
careful  investigation  by  the  man  making  out  the  card,  the  work- 
man's statement  is  found  to  be  correct — that  a  portion  of  the 
task  can  not  be  done  in  the  time  stated  on  the  card — a  new  in- 
struction card  is  made  out,  explaining  the  proper  method  of 
working,  and  allowing  the  proper  time.  It  is  of  the  greatest 
possible  importance  for  the  moral  effect  upon  the  men  that 
errors  in  making  out  instruction  cards  should  be  as  few  as  pos- 
sible. A  man  must  be  allowed  time  only  for  what  is  stated  on 
his  card,  and  while  a  i-easonable  time  must  be  allowed  for  each 
operation,  he  should  fail  to  receive  his  bonus  if  time  is  lost  from 
any  cause  whatever.  (The  foremen  also  receive,  in  addition  to 
their  day  wages,  compensation  "proportional  to  the  number  of 
their  men  who  earn  a  bonus,  and  an  extra  compensation  if  all 
of  their  men  earn  their  bonuses.) 

As  these  cards  are  made  out  by  a  skilful  man,  with  the  records 
at  hand,  they  invariably  prescribe  a  better  method  for  doing 
the  work  than  the  ordinar}'  workman  or  foreman  could  devise 
on  the  spur  of  the  moment.  As  all  the  appliances  and  instruc- 
tions necessary  for  doing  the  work  are  furnished,  and  a  fixed 
premium  or  bonus  is  allowed  the  workman  in  addition  to  his 
regular  rate  if  the  work  is  done  satisfactorily  in  the  time  set,  it 
will  be  seen  at  once  that  this  method  is  really  a  system  of  edu- 
cation, with  prizes  for  those  who  learn,  and  the  results  already 
obtained  bear  out  this  idea  of  education  most  fully,  for  under 
it  men  have  learned  more  in  a  few  months  than  they  ever  did 
before  in  years. 

4.  A  Differential  Sysiein. — A  careful  consideration  of  this  sys- 
tem will  show  that,  while  it  is  not  a  system  of  piece  work,  it  has 
many  of  the  advantages  of  differential  piece  work,  by  which  I 
mean  that  the  compensation  is  quite  large  for  the  maximum 
amount  of  %vorh  ohtainahle.  and  quite  small  for  anything  less  than 
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this  amount.  For  instance,  if  a  man  does  all  that  is  asked 
of  him,  which  must  always  be  possible,  he  gets  a  large  extra 
reward ;  but  he  gets  no  reward,  except  his  ordinary  day  rate,  if 
he  falls  short  of  this  amount.  The  extra  bonus  which  the 
bosses  earn  when  all  of  their  men  perform  the  maximum 
amount  of  work  is  a  strong  inducement  to  make  them  teach 
their  inferior  men. 

5.  Breakdowns. — Again,  as  it  is  impossible  for  the  men  to  earn 
their  bonuses  when  their  machines  are  out  of  order,  it  furnishes 
an  automatic  punishment  for  breakdowns,  for  the  man  not  only 
loses  his  bonus  on  the  day  the  machine  breaks  down,  but  on  all 
subsequent  days  until  the  machine  is  running  satisfactorily 
again. 

6.  Basis  of  System. — This  system  is,  so  far  as  the  writer  is 
aware,  a  new  one,  but  is  based  on  the  princij)les  of  Mr.  Fred. 
W.  Taylor's  system  of  elementary  rate  fixing  (see  paper  No. 
647,  "A  Piece  Rate  System,"  Transactions,  vol.  xvi.,  p.  856),  and 
is  as  far  as  possible  removed  from  the  old  fashioned  method  of 
fixing  piece  rates  from  records  of  the  total  time  it  has  taken  to 
do  a  job.  It  possesses  an  advantage  over  direct  piece  work  in 
that  it  is  more  flexible  and  can  be  introduced  with  greater  ease 
a'nd  under  conditions  where  piece  work  proper  would  be  impossi- 
ble. When  it  is  realized  that  proper  piece  work  will,  in  many 
cases,  produce  at  least  three  or  four  times  as  large  an  outjjut  as 
ordinary  day  work,  the  difficulties  of  piitting  directly  on  piece 
work  men  who  liave  been  accustomed  to  doing  work  in  their  own 
way  and  in  their  own  time  would  seem  to  be,  and  generally  is, 
extremely  difficult.  While  the  men  who  are  on  day  work  usually 
realize  that  thej'  are  not  doing  all  they  can  do,  when  they  are 
told  that  it  is  possible  to  do  three  or  four  times  as  much  as  they 
are  doing  they  simply  do  not  believe  it,  and  it  is  very  difficult 
to  make  them  accept  as  just  a  piece  rate  founded  on  this  basis  ; 
but  a  reward  in  addition  to  their  day  rate  constantly  held  before 
them  will  finally  be  striven  for  by  some  one,  and  when  one  has 
obtained  it  others  will  try  for  it.  In  other  words,  if  the  instruc- 
tion card  is  made  out  and  a  substantial  bonus  ofiiered,  time  will 
do  the  rest. 

7.  Scientific  Method. — In  order  to  get  the  information  neces- 
sary to  fix  proper  piece  rates,  or  even  to  make  out  good  instruc- 
tion cards,  a  very  large  amount  of  detail  work  is  necessary. 
When  we  realize,  however,  that  any  operation,  no  matter  how 


344  A   BONUS   SYSTEM   OF   REWARDING   LABOR. 

complicated,  can  be  resolved  into  a  series  of  simple  operations, 
we  have  grasped  the  key  to  the  solution  of  many  problems. 
Further  study  leads  us  to  the  conclusion  that  many  complicated 
operations  are  composed  of  a  number  of  the  same  simple  opera- 
tions performed  iu  a  difi'ereut  order,  and  frequently  that  the 
number  of  elementary  operations  is  smaller  than  the  number  of 
complicated  operations  of  which  they  form  the  parts.  The  logi- 
cal method,  therefore,  of  studying  a  complicated  operation  is 
undoubtedly  to  study  the  simple  operations  of  which  it  is  com- 
posed, a  thorough  knowledge  of  which  will  always  throw  a  great 
deal  of  light  on  the  complex  operation.  In  other  words,  the 
time  needed  for  performing  any  complex  operation  must  neces- 
sarily depend  upon  the  time  and  method  of  performing  the  sim- 
ple operations  of  which  it  is  composed.  The  natural  method, 
then,  of  informing  ourselves  about  a  complex  operation  is  to 
study  its  component  elementary  operations.  Such  study  divides 
itself  into  three  parts,  as  follows  : 

An  analysis  of  the  operation  into  its  elements. 

A  study  of  these  elements  separately. 

A  synthesis,  or  putting  together  the  results  of  our  study. 

This  is  recognized  at  once  as  simply  the  ordinary  scientific 
method  of  procedure  when  it  is  desired  to  make  any  kind  of  an 
investigation,  and  it  is  well  known  to  all  that  until  this  method 
was  known  and  adopted  science  made  practically  no  progress, 
and  the  writer  believes  that  if  it  is  desired  to  obtain  the  correct 
solution  of  any  problem  we  must  follow  the  well-beaten  paths  of 
scientific  investigation,  which  alone  have  led  to  reliable  results. 
The  ordinary  man,  whether  mechanic  or  laborer,  if  left  to  him- 
self, seldom  performs  any  operation  iu  the  manner  most  economi- 
cal, either  of  time  or  labor,  and  it  has  been  conclusively  proven 
that  even  on  ordinary  day  work  a  very  decided  advantage  can 
be  gained  by  giving  the  men  instructions  as  to  how  to  perform 
the  work  they  are  set  to  do,  and,  when  these  instructions  are  the 
result  of  scientific  investigation,  the  gain  iu  efliciency  is  usually 
beyond  our  highest  expectations. 

■  8.  It  is  perfectly  well  known  that  nearly  every  operation  can 
lie,  and  in  actual  work  is,  performed  in  a  number  of  different 
ways  ;  but  it  is  self-evident  that  all  of  these  ways  are  not  equally 
efficient,  when  we  consider  that  the  object  to  be  attained  is  to 
accomplish  the  greatest  amount  of  work  in  the  shortest  time, 
and  with  as  little  expenditure  of  enei'gy  as  is  consistent  with 
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quickest  work  As  a  rule,  some  of  the  methods  employed  are  so 
obviously  inefficient  that  they  may  be  discarded  at  once,  but  it 
is  often  a  problem  of  considerable  difficulty  to  find  out  the  very 
best  method,  and  it  is  only  by  a  scientific  investigation  of  all 
the  elements  of  the  oj)eration  that  we  can  hope  to  arrive  at  even 
an  approximate  solution  of  the  problem. 

9.  Mr.  Fred.  W.  Taylor,  who  was  the  pioneer  in  this  work  of 
elementary  rate  fixing  which  involves  complete  detailed  instruc- 
tions, began  to  work  on  these  lines  in  1880,  and  soon  became 
convinced  that  they  were  correct.  He  has  fixed  a  large  number 
of  rates,  all  of  which  are  lower  than  those  usually  paid,  but  as 
he  takes  care  to  furnish  the  best  implements  for  doing  the  work, 
and  insists  that  the  work  shall  be  done  as  he  instructs,  the 
good  men  always  make  better  wages  than  they  can  where  they 
are  allowed  to  do  the  work  with  the  implements  and  in  the  man- 
ner they  see  fit.  His  piece  rates,  founded  on  careful  investiga- 
tion, and  with  au  earnest  attempt  to  do  justice  both  to  the  em- 
ployer and  the  employee,  have  produced  not  only  a  much  greater 
outj^ut  than  any  other  method  in  the  works  where  they  have 
been  introduced,  but  a  much  better  feeling  among  the  men  to- 
wards their  employers.  The  fact  that  during  the  past  twenty 
years  a  great  many  such  rates  have  been  introduced,  always 
with  the  same  result,  is  a  confirmation  of  the  correctness  of  the 
principles  on  which  they  are  based,  and  leads  us  to  the  conclu- 
sion that  a  strict  adherence  to  these  principles  and  a  desire  on 
the  part  of  employers  to  do  substantial  jiistice  to  their  em- 
ployees, would  in  a  short  time  materially  lessen  the  antagonism 
between  employers  and  employees  which  seems  at  present  to 
be  so  prevalent. 

The  scientific  method  of  investigation  of  the  elements  into 
which  every  operation  may  be  divided,  is  then  evidently  a  satis- 
factory basis  for  fixing  piece  rates,  and  it  should  always  be 
employed  whenever  it  is  desired  that  the  rates  shall  be  perma- 
nent. To  analyze  every  job  and  to  make  out  instructions  as  to 
how  to  perform  each  of  the  elementary  operations  requires  a 
great  deal  of  knowledge,  much  of  which  is  very  difficult  to  acquire; 
but  the  results  obtained  by  this  method  of  working  are  so  great 
that  the  expenditure  to  acquire  the  knowledge  is  comparatively 
insignificant. 

In  this  connection,  it  is,  perhaps,  well  to  call  attention  to  the 
article  on  "  The  Taylor- White  Process  of  Treating  Tool  Steel," 
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by  Mr.  Cbarles  Day,  in  the  September  number  of  the  Journal 
of  the  Franklin  Institute,  in  which  he  makes  a  strong  plea  for 
scientiiic  investigation.  Mr.  Day's  criticism  of  the  ordinary 
guess-work  methods  may  be  severe,  but  when  the  difference  be- 
tween guess  and  scientific  investigation  has  been  fully  realized, 
it  will  seem  very  mild. 

10.  Instruction  Cards. — When  a  piece  rate  is  made  out  for  any 
kind  of  work  with  which  the  men  are  not  thoroughly  familiar,  it 
is  obviously  only  simple  justice  to  them  that  they  should  have 
detailed  instructions  as  to  the  way  to  accomplish  each  of  the 
elements  of  the  work  in  the  time  needed  to  earn  fair  wages.  Per- 
manent piece  rates  can  be  made  out  only  when  the  instructions 
are  such  as  will  accomplish  the  work  in  the  minimum  time,  and 
to  get  siifficient  information  to  make  out  instruction  cards  suit- 
able for  a  piece  rate  basis  is  often  a  long  and  tedious  operation. 
On  the  other  hand,  instruction  cards  may  be  made  out  to  show 
the  best  method  of  doing  the  work  which  we  can  devise  with 
our  present  knowledge  and  appliances.  Such  cards  will  seldom 
represent  the  very  best  method  of  performing  the  work,  but  will 
usually  represent  a  method  far  superior  to  that  which  the  ordi- 
nary workman  would  employ,  and  if  we  can  get  the  men  to  do 
the  work  as  directed  on  these  cards,  we  can  very  largely  increase 
the  efficiency  of  their  work.  This  is  a  most  obvious  way  of  in- 
creasing our  output  when  we  have  not  sufficient  information  to 
make  out  permanent  piece  rates.  To  base  a  piece  rate  on  such 
an  instruction  card  would  be  simply  inviting  trouble,  as  but 
few  men  could  see  that  it  was  just  to  change  a  piece  rate  when 
we  changed  the  method  of  doing  the  work.  If,  on  the  other 
hand,  we  allow  the  men  their  day  rate  and  offer  them  a  bonus 
or  premium  for  doing  the  work  in  accoi'dance  with  our  instruc- 
tion cards,  they  see  at  once  that  they  have  nothing  to  lose  by 
conforming  to  our  wishes,  and  all  to  gain,  with  the  result  that 
they  will  in  a  short  time  make  an  effort  to  do  the  work  in  the 
manner  and  time  set.  As  we  stated  in  advance,  these  instruc- 
tion cards  do  not  necessarily  represent  the  best  possible  method 
of  doing  the  work,  but  the  best  method  which  we  could  devise 
at  the  time,  and  we  have  found  that  there  is  practically  no  ob- 
jection on  the  part  of  the  men  to  a  change  of  time  on  these 
cards,  so  long  as  the  new  time  corresponds  to  a  new  set  of  in- 
structions which  will  enable  them  to  perform  the  work  in  the 
time  set. 
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It  is  hard  to  over-estimate  the  value  of  a  complete  set  of  in- 
structions showing  the  best  method  of  performing  a  piece  of 
work,  and  when  we  come  to  consider  the  question  of  piece  work, 
the  payment  of  a  bonus,  or,  in  fact,  any  method  of  compensation 
except  that  of  straight  day  work,  projier  instructions  embodying 
our  best  knowledge  on  the  subject  are  absolutely  essential,  if 
we  wish  to  obtain  the  best  results. 

11.  Applivation  of  Indruction  Cards  to  a  J/achine  Shop. — In 
order  to  make  proper  instruction  cards  for  a  machine  shop  do- 
ing a  variety  of  work,  it  is  necessary  to  know  the  laws  of  the 
cutting  of  metals,  as  well  as  the  time  for  handling  work  in  this 
particular  shop.  The  laws  referred  to  are  very  complicated,  but 
here  again,  Mr.  Taylor  has  made  such  a  start  as  to  render  it 
possible  to  determine  the  best  method  and  time  for  rough-ma- 
chining steel.  The  results  of  his  experiments  on  lathes  were 
reduced  to  a  slide  rule  by  the  writer  for  convenient  use.  This 
slide  rule  has  been  improved  by  Mr.  Carl  G.  Barth,  who  has 
also  extended  it  to  planers,  drill  presses,  and  slotters,  and  who 
made  out  slide  rules  for  a  number  of  machines  in  the  large  ma- 
chine shop  of  the  Bethlehem  Steel  Comi^any.  By  means  of  these 
slide  rules  we  can  determine  promjatly  the  most  economical  feed 
and  speed  with  which  to  perform  any  operation  on  a  piece  of 
steel  when  the  physical  qualities  of  the  steel  are  given.  As  an 
illustration  of  exactly  how  instruction  cards  are  made  oiit  in  a 
machine  shop,  we  may  cite  the  case  of  a  forging  that  has  to  be 
rough-machined.  The  drawing  first  goes  to  an  expert  mechanic, 
who  has  charge  of  what  is  known  as  the  routing  of  the  piece 
through  the  shop.  He  decides  the  order  in  which  the  various 
operations  of  turning,  j)laning,  slotting,  drilling,  etc.,  are  to  be 
done.  In  a  shop  doing  a  variety  of  work,  too  much  stress  can- 
not be  laid  on  the  routing,  for,  besides  the  advantage  of  knowing 
in  the  office  the  progress  of  the  work,  the  saving  made  by  per- 
forming the  various  operations  in  the  best  order  is  very  great. 
This  subject  of  routing  is  large  enough  to  take  up  a  paper  by 
itself,  so  it  can  only  be  mentioned  here.  If  the  first  operation 
to  be  performed  is  that  of  turning,  the  forging  is  assigned  to  the 
lathe  best  fitted  for  handling  this  particular  job.  The  work  to 
be  done  on  the  machine  is  then  analyzed  by  a  first-class  machin- 
ist, who  has  been  instructed  in  the  use  of  the  slide  rule,  and 
who  makes  out  an  instruction  card  on  which  the  operations  to 
be  performed  on  this  lathe  are  placed  in  the  proper  order,  with 
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proper  instructions,  the  calculated  time  being  given  for  perform- 
ing each  operation.  The  kind  of  tool  to  be  used,  the  feed,  and 
speed  are  sjjecified  for  every  machine  operation.  Tor  every 
other  operation,  such  as  putting  in  and  taking  out  work,  laying 
out,  changing  feed  gears,  etc.,  instructions  are  given,  and  the 
time  that  each  should  take  is  placed  directly  opposite  the 
description,  in  a  column  designed  for  that  purpose.  Fig. 
144  is  a  sample  card  for  rough-turning  a  locomotive  piston 
rod: 

12.  This  card  represents  instructions  given  to  "William  Jones, 
whose  boss  is  Thomas  Smith,  to  do  work  on  Forging  No. 
14,653C4,  Manufacturing  Order  No.  17,344,  in  Lathe  No.  145, 
according  to  Standing  Order  No.  376.  The  hardness  of  the 
metal  is  represented  by  class  12,  He  must  use  tools  made  of 
"  M  E  "  steel,  of  the  shape  designated  in  the  column  calling  for 
shape  of  tool.  The  approximate  depth  of  cut  in  turning  is  ^w 
inch.  "  J  "  represents  a  combination  of  feed  gears,  and  "  2-BF  " 
a  cone  sj)eed  which  he  must  use.  Opposite  each  operation  are 
seen  complete  instructions  giving  the  kind  of  tool,  cut,  feed,  and 
speed  that  must  be  used  in  order  to  accomplish  the  work  in  the 
time  set.  The  total  time  for  turning  and  facing  this  forging  is 
shown  to  be  forty-two  minutes.  At  the  bottom  of  this  card  is 
given,  first  its  number,  then  the  drawing  number  of  the  assem- 
bling sheet,  if  we  have  such  a  sheet ;  then  the  detail  drawing  for 
this  particular  piece,  and  next  the  date  and  signature  of  the  man 
who  made  out  the  card.  The  note  at  the  bottom,  namely: 
"  When  machine  cannot  be  run  as  ordered,  speed  boss  must  at 
once  report  to  the  man  who  signed  this  sliiD,"  is  put  on  in  red 
ink  and  should  be  observed  to  the  letter. 

By  means  of  this  card  filled  out  from  the  slide  rule,  together 
with  records  of  the  time  necessary  to  do  miscellaneous  opera- 
tions, wliich  for  simplicity  we  shall  call  "hand  work,"  we  can 
instruct  a  very  ordinary  man  in  the  best  method  of  doing  any 
job  of  this  character.  Considerable  training,  of  course,  is  nec- 
essary to  teach  the  men,  who,  as  a  rule,  are  ordinary  laborers, 
to  follow  these  cards.  Having  once  given  them  this  training, 
however,  the  advantage  of  having  a  first-class  machinist  to  do 
the  thinking,  and  to  use  for  them  the  best  results  already 
obtained,  produces  an  efficiency  which  would  be  absolutely  im- 
possible if  the  workmen  were  left  to  themselves. 

1-3.  For  further  illustration  I  give  tbree  more  cards  (Figs.  145- 
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Fig.  145. 
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147),  wliicli  are  made  out  iu  the  same  manner  as  the  first  one. 
One  of  these  is  for  a  far  more  complex  operation,  and  it  may 
be  of  interest  to  note  that  cards  are  frequently  made  out  that 
are  twice  as  long  as  this  one. 

This  system  of  instruction  cards  was  introduced  by  the  writer 
into  Machine  Shop  No.  2,  of  the  Bethlehem  Steel  Company,  in 
June,  1899,  with  markedly  beneficial  result?,  which  increased  as 
the  men  making  out  the  cards  became  more  and  more  skilful 
and  the  cards  were  made  out  more  and  more  in  detail  There 
was  comparatively  little  difliculty  in  causing  the  men  to  perform 
the  automatic  operations  according  to  the  instructions  given. 
For  instance,  they  would  run  their  machines  at  the  feed  and 
speed  called  for,  but  the  great  difilculty  was  that  it  seemed  im- 
possible to  prevent  them  from  losing  time  between  operations. 
One  would  frequently  find  many  of  the  machines  idle,  and  yet 
every  workman  could  give  a  more  or  less  plausible  excuse  why 
his  machine  was  not  running,  and  this  in  spite  of  the  fact  that 
tools  were  ground  for  him  and  furnished  to  him,  and  the  work 
so  prepared  that  all  he  had  to  do  was  to  put  it  in  the  machine 
and  begin  cutting.  In  other  words,  no  matter  how  efficiently 
the  machines  were  run  through  their  actual  working  time,  the 
men  found  good  excuses  for  taking  more  than  the  prescribed 
time  on  every  job,  and  for  wasting  enough  time  to  hold  down 
the  output  of  the  shop  xerj  materially. 

14.  Bonus. — To  overcome  this  difficulty  it  was  proposed  by 
the  writer  that  every  man  who  succeeded  in  doing  all  the  work 
called  for  by  his  instruction  cards  for  a  complete  turn  should 
receive  a  bonus,  or  premium.  When  this  payment  of  a  bonus 
went  into  effect,  the  amoxint  of  time  wasted  diminished  very 
rapidly,  and  soon  a  majority  of  the  men  on  the  machines  were 
earning  their  bonuses  regularly.  In  order  to  be  sure  that  they 
got  all  the  assistance  possible  from  the  foreman,  he,  too,  received 
a  definite  premium  for  each  machine  under  his  charge  that  made 
its  bonus,  and  in  order  that  the  poorer  men  might  receive  suffi- 
cient instruction  from  the  foreman,  it  was  made  to  his  interest 
to  give  them  special  attention.  That  was  accomplished  in  this 
way  :  While  the  foreman  was  given  a  definite  amount  for  each 
machine  that  earned  its  bonus,  he  was  given  an  additional  fifty 
per  cent,  if  all  the  machines  under  his  charge  earned  their  bonus, 
thus  making  it  to  his  interest  to  give  special  attention  to  the 
men-most  likely  to  fall  behind. 
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Results  of  Bonus. — Inasmuch  as  no  bonus  whatever  is  paid 
unless  the  men  actuall}^  perform  the  work  called  for  on  their 
instruction  cards  in  the  time  set,  it  is  to  the  interests  of  the  men 
to  prevent  accidents  to  the  machines,  and  to  avoid  unnecessary 
delays,  whether  sucb  delays  are  their  own  fault  or  the  fault  of 
other  people.     Among  the  results  we  have  obtained  are  : 

First.  A  very  large  increase  in  output,  averaging  from  200  to 
300  per  cent. 

Second.  A  falling  off  in  accidents  and  breakdowns. 

Third.  A  quickening  of  the  intelligence  of  the  men. 

For  instance,  men  who  could  formerly  do  nothing  for  them- 
selves, but  were  obliged  to  ask  the  foreman  all  kinds  of  questions, 
now  find  that  they  can  do  the  work  by  asking  fewer  questions, 
for  if  they  spend  a  lai-ge  proportion  of  their  time  hunting  the 
foreman  they  lose  their  bonus.  One  man,  for  instance,  who  in 
three  years  had  never  learned  to  change  the  feed  gears  of  his 
machine  properly  without  the  assistance  of  his  foreman,  lost  his 
bonus  three  days  in  succession  because  they  had  not  been  prop- 
erly set.  He  at  once  learned  to  set  them,  and  has  had  no  diffi- 
culty from  this  cause  since. 

15.  Comparison  of  Jionus  System  and  Piece  Work. — In  making 
a  comparison  between  the  bonus  system  and  proper  piece 
work,  it  will  be  recognized  at  once  that  each  has  its  advantages. 
If  we  have  a  thorough  knowledge  of  all  the  conditions,  and  are 
able  to  introduce  piece  work,  it  is  undoubtedly  to  be  preferred ; 
but  we  must  remember  that,  aside  from  the  injustice,  there  is 
nothing  so  demoralizing  as  cutting  piece  rates,  and  it  is  not  only 
extremely  difficult  to  make  out  proper  piece  rates,  but  it  is  still 
harder  to  convince  men  who  have  been  accustomed  to  working 
by  the  day  only,  that  it  is  possible  for  them  to  earn  fair  wages 
when  proper  rates  are  set.  On  the  other  hand,  as  the  bonus  is 
paid  to  men  in  addition  to  their  day  rate  for  performing  the 
work  in  the  manner  and  time  called  for  by  their  instruction 
cards,  they  do  not  feel  so  hostile  toward  the  innovation.  These 
cards  do  not  pretend  to  represent  absolutely  the  best  possible 
method,  but  the  best  method  we  can  devise  with  the  present 
state  of  our  knowledge,  and,  while  they  may  be  changed  as  our 
knowledge  increases,  they  are  always  intended  to  describe  a 
method  which  is  within  the  ability  of  a  good  man  to  reach.  The 
diificulty  of  introducing  such  a  system  is  far  less  than  that  of 
introducing  direct  j^iece  work,  for  if  workmen,  having  secured  to 
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them  their  day  wages,  are  given  such  instriiction  cards,  and  a 
considerable  reward  is  hekl  out  to  them  for  doing  the  work  in 
the  manner  and  time  called  for  in  the  instruction  cards,  they 
will  gradually  overcome  their  prejudice  against  following  instruc- 
tions, and  iiually  attempt  to  perform  some  of  tlie  operations  in 
the  time  set.  Having  performed  a  few  of  these  operations,  and 
finding  out  that  the  card  represents  a  fair  and  reasonable  set  of 
instructions,  they  will,  in  a  short  while,  conclude  that  they  might 
as  well  have  the  extra  pay,  and  gradually  learn  to  follow  the 
whole  card.  This  has  been  the  experience  of  the  writer,  and  he 
was  surprised  to  find  out  how  quickly  the  men  overcame  their 
prejudice.  Before  the  introduction  of  the  bonus,  no  man  was 
willing  to  ask  somebody  else  to  hurry  in  order  that  he  might  get 
his  work  done,  for  the  man  spoken  to  would  resent  such  a  request 
as  an  insult.  Men  seldom  complained  to  a  foreman  that  they 
were  being  interfered  with,  but  simply  sat  down  and  waited,  and 
would  sometimes  wait  for  a  crane  by  the  hour.  Now  all  are 
up  in  arms  against  anybody  who  does  not  serve  them  almost 
instantly. 
[7  16.  The  greatest  difficulty  to  be  met  is  to  convince  the  men 
that  these  instruction  cards  are  intended  to  be  such  as  a  man 
familiar  with  the  work  can,  by  due  industry  and  with  a  fair 
amount  of  intelligence,  always  follow  successfully ;  but  when  the 
men  are  once  convinced  that  this  is  a  fact,  and  that  it  is  the  in- 
tention of  the  company  to  allow  them  to  earn  the  reward  indi- 
cated for  the  extra  work,  most  of  the  difiiculties  are  over.  To 
make  out  such  cards  requires  an  amount  of  knowledge  and  expe- 
rience that  is  seldom  the  possession  of  any  one  man.  To  obtain 
this  information  requires  a  long  series  of  detail  observations  and 
investigations  with  corresponding  records,  and  even  after  having 
obtained  a  great  deal  of  such  information,  most  of  our  instruc- 
tion cards  will  still  fall  far  short  of  jDerfection.  They  are 
intended  to  represent  our  best  knowledge  of  how  to  perform  the 
work,  and  the  man  following  the  card  earns  his  bonus  not  be- 
cause he  does  the  job  in  the  best  possible  way,  but  because  he 
does  it  in  the  manner  which  the  present  state  of  our  information 
indicates  is  the  best.  If  subsequently  to  having  made  out  a  card 
for  a  certain  job  we  have  obtained  more  information  on  that  job, 
and  find  an  easier  and  quicker  method  of  doing  the  work,  our 
instruction  cards  maybe  made  to  conform  to  the  new  and  better 
method,  but  only  such  items  on  the  instruction  card  should  be 
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changed  as  are  affected  by  this  new  and  better  method.  In  other 
words,  no  wholesale  change  in  a  card  is  allowable  under  any 
conditions.  It  must  be  possible  always  to  perform  the  individ- 
ual elementary  operation  in  the  time  set,  and  when  a  man  com- 
plains that  he  can't  do  this,  he  must  be  asked  to  point  out 
the  individual  operation  or  operations  that  he  can't  do ;  if  the 
foreman  cannot  show  him  how  to  perform  these  operations  in 
the  time  set,  the  matter  should  at  once  be  referred  to  the  man 
making  out  the  instruction  cards,  who  must  either  be  able  to 
show  how  to  carry  out  the  instructions  given,  or  change  the 
instruction  card  so  that  it  can  be  followed.  This  throws  the 
responsibility  for  the  success  of  the  system  on  the  man  making 
out  the  instruction  cards,  who  should  not  only  be  a  good  me- 
chanic, but  a  man  of  the  highest  order  of  intelligence  and  integ- 
rity, for  he  practically  fixes  the  pay  of  the  men,  and  is,  in  a  large 
degree,  responsible  for  the  output  of  the  shop.  This  is  true, 
whether  the  instruction  cards  are  made  out  for  a  bonus  system 
or  for  piece  work,  and  unless  a  proper  man  is  selected  to  have 
charge  of  this  work,  the  whole  system,  whether  that  of  paying  a 
bonus  or  piece  work,  will  immediately  fall  into  disrepute.  As  I 
have  said  before,  piece  work,  when  proper  piece  rates  can  be 
made,  is  preferable  to  a  bonus  system,  but  the  delay  in  getting 
sufficient  knowledge  to  fix  permanent  piece  rates  is  often  so 
great  that  it  is  absolutely  necessary  to  resort  to  some  shorter 
method  for  obtaining  an  increased  output,  and  the  bonus  system 
as  outlined  here,  or  some  modification  of  it  based  on  the  instruc- 
tion cards,  is  a  very  efficient  means  of  accomplishing  this  end, 
and  one  which  is  easily  introduced  because  it  avoids  raising 
issues  with  tbe  men. 

17.  The  system  as  described  here  is  specially  applicable  to  work 
done  on  automatic  machine  tools,  where  efficient  running  of  the 
tools  counts  more  than  manual  dexterity.  If,  on  the  other  hand, 
the  work  is  such  that  manual  dexterity  or  strength  is  the  main 
factor,  it  will  be  usually  necessary  to  offer,  in  addition  to  the 
bonus  for  maximum  efficiency,  one  or  more  bonuses  for  defi- 
nite approximations  to  this  maximum.  This,  however,  is  one 
of  the  numerous  modifications  tliat  will  suggest  itself  when 
a  proper  system  of  instruction  cards  and  records  has  been 
introduced. 

18.  Results  of  Improved  3Iethods  of  Management  and  the  Bonus 
System. — To    show   what    has    already  been    accomplished,  I 
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append  some  uotes  wliicli,  of  themselves,  may  be  of  interest. 
The  first  is  an  official  rei^ort  made  to  Mr.  E.  P.  Earle  by 
his  able  assistant,  Mr.  E.  J.  Snyder,  in  less  than  two  months 
after  the  bonus  system  had  been  started.  Mr.  Snyder  had 
special  charge  of  the  working  of  the  system,  and  speaks  with 
authority. 


Bethlehem  Steel  Co.,  Department  D.  M.  So.  Bethlehem,  Pa., 

May  13,  1901. 
Mr.  E.  p.  E.\rle, 

Supl.  of  Machine  Shop,  JS'o.  2. 

Dear  Sir  : — I  hand  you  herewith  some  notes  on  the  results  obtained  by  the 
introduction  of  the  "bonus"  plan  for  remunerating  labor  in  No.  2  Machine 
Shop. 

The  plan  thus  far  has  been  applied  only  to  the  roughing  lathes,  and  I  give 
below  a  list  of  thf  numbers  of  the  machines,  with  the  dates  on  which  they  began 
operating  under  a  bonus  or  premium  : 

Lathe,  No.    76 March  18,  1901. 


158 

159 

50-A  ., 
50-B  . . 

14.5 

146 

160 

208 


Lathe, 

No. 

207. . . . 
60-.\.. 
60-B. . 
90  ... 

. .  April 

3,  1901 

4,  " 

5,  " 

8 

30.... 

..     " 

24,      " 

55.... 

..     " 

24,     " 

72.... 

..     ■' 

29,      " 

73  ... 

..     " 

29,      ■' 

4-A.. 

..May 

6.      " 

4-B.. 

.     " 

6,      " 

" 

34... 

9,      " 

One  of  the  best  results  obtained  after  a  short  trial  has  been  the  moral  effect 
upon  the  men.  They  have  had  it  placed  in  their  jiower  to  earn  a  very  substantial 
increase  in  wages  by  a  corresponding  increase  in  their  productive  capacity,  and 
this  has  given  them  the  feeling  that  the  Company  is  quite  willing  to  reward  the 
increased  effort.  They  display  a  willingness  to  work  right  up  to  their  capacity, 
with  the  knowledge  that  they  are  not  given  impossibilities  to  perform.  This 
effect  has  been  brought  about  by  the  good  use  of  our  excellent  slide  rules  in  the 
hands  of  a  number  of  the  most  thoroughly  practical  men,  who,  when  the  results 
which  they  demand  have  been  declared  impossible  to  obtain,  have  repeatedly 
gone  out  into  the  shop  and  themselves  demonstrated  that  the  time  was  ample, 
by  doing  the  work  well  within  the  limits  set.  All  this  has  inspired  the  confi-. 
dence  of  the  shop  hands,  and  the  excellent  instruction  cards  sent  out  are  gradu- 
ally evolving  from  laborers  a  most  eiBcient  lot  of  machine  hands. 

19.  The  percentage  of  errors  in  machining  has  been  very  materially  reduced, 
which  is  unquestionably  due  to  the  fact  that  in  order  to  earn  his  bonus  a  man 
must  utilize  his  brains  and  faculties  to  the  fullest  extent,  and  so  has  his  atten- 
tion closely  fixed  on  the  work  before  him,  as  every  move  must  be  made  to  count. 
He  thus  has  uo  time  for  dreaming,  which  was,  no  doubt,  the  cause  of  many 
errors. 
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The  condition  of  the  machines  is  vastly  improved.  Much  care  has  been  taken 
to  point  out  to  the  men  that  the  best  results  can  be  obtained  only  by  keeping 
their  machines  in  good  running  condition,  well  lubricated  and  cleaned.  They 
have  not  been  slow  to  realize  this,  and  cases  of  journals  cutting  fast  ai-e  very 
rare,  wliile  before  the  introduction  of  the  "  bonus"  plan  this  was  a  very  common 
occurrence.     Breakdowns  are  also  of  a  less  frequent  occurrence. 

The  crane  service  lately  has  given  us  little  trouble,  and  lack  of  crane  service 
was  formerly  a  constant  excuse  of  the  bosses  and  men  for  not  being  able  to  keep 
machines  filled  with  work.  The  improvement  in  this  case  arose  from  the  rule 
laid  down  that  no  exceptions  or  allowances  would  be  made  for  delays  due  to  this 
cause. 

It  is  only  by  the  introduction  of  this  "bonus"  plan  that  we  have  had  fur- 
nished the  automatic  incentive  for  men  to  work  up  to  their  capacity,  and  to  obtain 
from  the  machines  the  product  which  they  are  capable  of  turning  out.  It  has 
lifted  the  hands  of  the  Speed  Bosses  (foremen)  and  enabled  them  to  act  in  the 
capacity  for  which  those  positions  were  created — that  of  instructors. 

These  are  some  of  the  direct  results  obtained.  Indirectly  it  has  eliminated 
the  constant  necessity  for  driving  the  men,  and  ha."  enabled  the  shop  mannge- 
ment  to  divert  some  of  its  energy  into  perfecting  tlie  organization,  which  only 
will  enable  us  to  give  a  good  account  of  the  shop  equipment.  Much  good  has 
also  resulted  from  putting  the  work  through  in  lots,  and  in  keeping  each  machine 
as  nearly  as  possible  on  the  same  kind  of  work. 

It  is  also  a  pleasure  to  note  in  this  connection  the  deep  interest  taken  in  this 
work  by  tlie  men  connected  with  it,  and  the  fine  cooperative  spirit  which  pre- 
vails among  all  hands. 

Tours  truly, 

(Signed)   R.  J.  Snyder. 

20.  The  following  table  shows  the  reduction  of  actual  machin- 
ing time  under  improved  methods  of  management,  and  the 
introduction  of  instruction  cards  and  a  bonus  system. 

Column  No.  1  gives  the  time  taken  to  do  work  under  the 
old  system  of  day  work,  where  one  foreman  had  charge  of  a 
large  number  of  men,  and  each  man  was  left  practicallj'  to  him- 
self, to  do  the  work  .the  best  way  he  could  with  whatever  tools 
he  saw  fit,  and  to  keep  his  machine  in  the  condition  he  pre- 
ferred. 

Column  No.  2  gives  the  time  taken  to  do  the  same  work, 
when  a  proper  number  of  trained  foremen  (speed  bosses)  had 
been  appointed,  a  proper  system  of  caring  for  belts  and  ma- 
chines adopted,  and  proper  appliances  and  instruction  cards 
furnished  the  men. 

Column  No.  3  represents  the  time  after  the  bonus  system 
had  been  applied  to  the  conditions  of  Column  No.  2. 

This  work  was  all  done  under  the  supervision  of  Mr.  Fred. 
W.  Taylor,  who  became  associated  with  the  Bethlehem   Iron 
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Company  in  May,  1S98,  for  the  purpose  of  introducing  improved 
methods. 

Bethlehem  Steel  Company,  Department  D.  M. 
May  23,  1901. 
Statement  of  Machine  Time   Required  for  Eough-turning  Fobgings. 


Machine  Time  in  Hours. 

Description. 

Prior  to  1898,  when 

Immediately  before 

a  beginning  was 

the  introduction 

Ihider  the 

made  to  introduce 

of  the  Bonus  Plan 

Bonus  Plan. 

improved  metliods. 

for  rewarding  labor. 

No.  3. 

Day  Rate.    No.  1. 

Day  Rate.    No.  i. 

4-in.  IT.  S.  Navy  Tubes 

21.56 

None  machined 

5.4 

4  "         "              Jackets 

35.15 

7.1 

6  "         "              Tubes 

34.75 

18.5 

8.25 

8  "        "               "        

35.00 

None  machined 

8.00 

12  "        "               "        

54.50 

33.5 

21.50 

12  "         "              Jickets 

123.70 

65.5 

43  33 

12  "         "              A  Hoops 

No  record. 

50.75 

34.50 

13  "        "             B     '•       .... 

55.00 

34.75 

13  "        "              C     "       .... 

47.50 

34.50 

12  "        "              D     '•       .... 

96.50 

73.25 

Ball  &  Wood  Crank  Shafts 

" 

46.5 

26.25 

Acme  Cam  Shafts 

*« 

31.3 

16.00 

Clayton  Double  Throw  Crank 

Shafts 

" 

22.3 
13.00 

4  3 

Bement,  Miles  Piston  Rods 

3.3 

S.  Pacific  Axles 

'< 

4.25 

1.5 

0.  R.  R.  of  N.J.  Driving  Axles 

'• 

6.5 

1.5 

Norfolk  &  Western  Crank  Pins 

" 

3.5 

1.35 

DeLa  Vergne  Piston  Rods 

" 

22.0 

5.0 

Crank  Shafts,  N.  Y.  Shipbuild- 

in  or  Com  pan}' 

70. 

28.75 

"While  the  table  just  given  is  of  interest,  as  showing  in  detail 
what  has  been  accomplished,  a  more  correct  measure  is  aftbrded 
by  the  output  of  the  shop. 

During  the  year  from  March  1,  1900,  to  March  1,  1901,  the 
machine  shop  was  run  day  and  night  as  hard  as  the  machines 
could  be  pushed  by  day  work  alone,  and  still  the  increasing 
output  of  the  forge  was  piling  up  work  ahead  of  it.  It  was  at 
this  juncture  that  the  bonus  system  was  put  in  operation,  as 
stated  in  Mr.  Snyder's  report.  To  realize  what  happened  in 
the  few  months  after  the  introduction  of  the  bonus,  it  is,  per- 
haps, best  to  compare  the  shipments  during  those  months  with 
the  average  monthly  shipments  for  the  preceding  year.  I  do 
not  feel  at  liberty  to  give  the  actual  shipments,  but  if  we  repre- 
sent by  unity  the  avei'age  monthly  output  of  the  shoji  during 
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the  year  from  March  1,  1900,  to  March  1,  lUOl,  the  following 
figures  will  represent  the  output  for  the  five  months  succeeding 
the  introduction  of  the  bonus  system  : 

Average  shipments  per  month  for  year  from  March  1 ,  I'JOO.  to 

March  1,1901 .' 1.00 

Shipped  in  March,  1901  ...   1,35 

"April,       "     1.53 

"  May,        •'     1.86 

"June,       "     1.98 

"  July,       "■     2.17 

The  bulk  of  the  above  shipments  consisted  of  rough-machined 
forgiugs,  and  before  the  end  of  July  the  machine  shop  had 
caught  up  to  the  forge  so  closely  that  there  was  not  enough 
work  to  keep  all  the  machines  running  day  and  night,  and  a 
large  number  were  shut  down  on  the  uight  turn.  The  output  of 
the  shop  during  August  was  far  below  that  of  July,  for  the 
reason  that  the  forge  did  not  furnish  anything  like  work  enough 
to  keep  it  busy. 

21.  A  JV^eeded  Addition. — Although  the  results  as  above  pointed 
out  are  very  far  in  excess  of  what  was  anticipated,  the  writer 
does  not  feel  that  we  have  yet  taken  advantage  of  all  our 
opportunities.  As  before  stated,  the  system  is  one  of  educa- 
tion, with  prizes  for  those  who  learn ;  but  the  prizes  have  so 
far  been  awarded  for  learning  and  doing  only  what  our  experts 
already  knew.  The  next  and  most  obvious  step  is  to  make  it 
to  the  interest  of  the  men  to  learn  mure  than  their  cards  can  teach 
them.  So  far  notliing  has  been  done  in  this  line,  not  because 
the  need  for  some  such  provision  has  not  been  felt,  but  for  the 
reason  that  no  entirely  satisfactory  method  has  suggested  itself. 

The  writer  believes  in  paying  a  liberal  compensation  for  im- 
proved methods  of  work,  and  in  offering  special  inducements 
to  a  workman  to  make  out  instruction  cards,  by  which  others 
are  enabled  to  carry  out  his  methods.  The  compensation  should 
be  sufficiently  liberal  not  only  to  induce  him  to  part  with  what 
information  he  may  have,  but  to  use  his  ingenuity  to  devise 
better  methods. 

If  this  can  be  properly  carried  out,  the  most  difficult  prob- 
lem of  the  system — that  of  training  men  to  make  out  instruc- 
tion cards — will  have  been  solved,  and  the  system  will  not  only 
become  self-perpetuating,  but  will  automatically  pick  out  the 
men  best  suited  to  carry  it  forward. 


A   JiU2vUS   SYaXEAI   OF   KEWAKDING   LABOR.  361 


DISCUSSION. 


Dr.  R.  ir.  Thurston. — Any  "System  of  Eewarding  Labor" 
proportionally  to  its  deserts  must  have  great  interest  to  every 
one,  and  particularly  to  the  mechanical  engineer,  whose  whole 
experience  and  training  have  shown  him,  better  than  anyone  else, 
what  serious  matters  are  determined  by  the  questions  involved. 
Our  present  common  wage-s^'stem  must  inevitably  be  improved 
upon  in  the  coming  decade  if  we  are  to  avoid  very  grave  disturb- 
ances in  our  social  sj'stem.  Clouds  have  been  gathering  for  a 
half-century,  and  are  growing  more  numerous  and  darker  contin- 
ually. A  storm  will  surely  come  if  a  pleasanter  atmosphere  is 
not  the  result  of  the  efforts  of  wise  and  thoughtful  men  in  the  im- 
mediate future. 

The  basis  of  any  new  adjustment  of  the  relations  of  employer 
and  eraplo3'ee — of  labor  and  capital  as  the  demagogue  and  the 
economist  alike  are  fond  of  denominating  the  two  fundamental 
elements  of  production — must  undoubtedly  be  found  in  some 
method  of  giving  to  eveiy  man  a  fair  return  for  his  time  and 
labor,  whether  of  brain  or  muscle.  The  only  possible  basis  of 
such  adjustment  of  compensation  must  be  the  payment  to  the 
worker  the  full  value  of  what  he  gives,  the  true  market  value  of 
his  productivity'.  It  is  as  inequitable  to  pay  a  common  wage  to 
the  skilful  and  the  unskilled  alike  as  it  is  to  pay  much  for  in- 
efficiency^ and  little  for  high  productive  power.  The  apportion- 
ment of  compensation  to  the  value  of  the  work  performed  is,  it 
would  seem,  the  form  which  the  problem  has  assumed. 

If  this  be  the  fact,  it  is  evident  that  compensation  must  be  made 
upon  some  basis  of  measurement  and  valuation  of  the  product  of 
the  day's  Avork  of  each  individual.  Only  thus  can  each  man  be 
properly  compensated  for  what  he  accomplishes.  Piece-work, 
profit-sharing,  and  a  variable  wage  are  different  methods  of 
approximating  this  ideal,  and  either  or  all  of  these  methods  of 
proportioning  the  gain  of  the  worker  to  the  gain  of  the  employer 
and  of  the  business  may  perhaps  find  place  in  the  development  of 
the  perfectly  fair  system  which  must  be  somehow  found  and  ulti- 
mately and  generally  adopted. 

The  method  here  described  has  at  least  the  undeniable  virtue  of 
inducing  intelligent  and  industrious  coiiperation  of  the  emploj'ees. 
It  has  also  one  or  two  peculiarly  interesting  and  promising  feat- 
ures in  its  stimulation  of  the  ingenuity  of  all  concerned  in  the 
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effort  to  find  the  best  ways  of  efficiently  employing  machine- 
tools,  in  its  application  of  scientific  method  to  this  business,  in  its 
insurance  of  cooperation  of  all  grades  of  employees,  in  the  effort 
to  secure  a  maximum  production  with  a  given  plant,  and  in  its 
payment  of  a  special  j^remium  for  the  successful  application  of  its 
best  methods.  The  cooperation  of  the  foremen  with  their  work- 
men is  by  this  system  assured,  and,  as  experience  seems  to  have 
proved,  most  effectively.  While  it  does  not  provide  a  continuous 
sliding  scale  of  adjustment  of  compensation  to  productivity,  it  at 
least  does  give  the  assurance  to  the  workman  that  his  best  efforts 
will  be  rewarded  handsomel}'. 

Further,  it  provides  a  sj^stem  of  education  of  workmen  and 
foremen  and  employer  alike,  through  systematic  and  scientific  in- 
vestigation of  the  conditions  favorable  to  best  use  of  tools  and 
plant,  and  to  highest  returns  on  invested  capital  and  contributed 
labor.  Where  scientific  method  and  s\'stematic  education  go  to- 
gether much  may  be  hoped  for.  That  such  anticipations  are  just- 
ified is  admirably  proved  by  the  table  at  the  end  of  this  paper, 
exhibiting  the  gains  by  successive  improvements  in  method  at  the 
Bethlehem  Steel  Company's  works.  Doubling  the  efficiency  of 
productive  machinery  and  labor  by  improvement  in  methods,  and 
again  doubling  it  in  many  cases  b\'  the  introduction  of  the  "  Bonus 
Plan  "  as  shown  in  that  table,  not  only  means  an  immense  gain  to 
all  concerned  but  it  shows  most  strikingly  the  marvellous  ineffi- 
ciencj'^  of  customary  methods  of  production. 

This  method  involves  evidently'  much  work  of  brain  in  its  in- 
ception, and  compels  tlie  complete  coi)peration  of  brain  work  with 
work  of  the  hands  in  its  opei'ation  ;  but  this  has  its  advantages, 
and  a  great  advantage  in  its  stimulation  of  the  sluggish  brain  to 
do  its  part,  and  especiall3'  in  the  conversion  of  the  dull  and  in- 
different worker  into  an  alert  and  thinking  man.  It  is  plain,  in 
the  light  of  Mr.  Snyder's  testimony,  that  full  compensation  is 
given  for  all  the  time,  trouble  and  thought  which  it  compels. 
Anything  which  sets  the  average  man  thinking  profitably  is  valu- 
able. As  a  rule,  the  average  human  being  does  not  do  much 
thinking,  and  what  little  he  does  is  not  apt  to  be  very  profitable. 
The  paper  seems  to  me  to  be  an  important  contribution  to  the 
proceedings  of  the  Society. 

Mr.  F.  A.  Ilalseij. — It  seems  to  me  that  the  feature  of  this 
system  about  which  we  need  to  know  more  is  Mr.  Taylor's  ele- 
ncntary  rate-fixing  department.     This  is  referred  to  in  the  pres- 
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ent  paper  and  also  in  M\:  Ta^'lor's  paper,  "  A  Piece  Rate  System," 
published  in  Vol.  XVJ.  of  the  Transactions,  but  in  neither  case  is 
the  matter  gone  into  with  sufficient  lletail  to  enable  others  to  use 
the  method.  What  especially  puzzles  me  is  to  imagine  how,  from 
the  results  of  every -day  work,  the  maximum  possible  results  can 
be  predicted. 

There  are  several  features  of  the  work  at  Bethlehem  which 
should  not  be  lost  sight  of :  Fii'st,  the  work  is  all  large,  much  of 
it  is  very  large,  and  some  of  it  may  be'  described  as  the  largest ; 
Second,  the  work  is  chiefly  on  forgings,  and  consequently  the 
shapes  are  simple ;  Third,  these  forgings  are  usually  rough  finished 
only,  a  fact  which  reduces  the  estimate  for  the  time  required  for 
a  given  piece  of  work  to  a  mere  matter  of  extent  of  surface  and 
depth  of  cut ;  Fourth,  the  material  is  made  upon  the  ground  and 
its  qualities,  as  regards  hardness  and  workability,  are  thus  well 
known  and  have,  in  fact,  been  reduced  to  a  scale  depending  upon 
composition  ;  Fifth,  while  there  is  a  general  similarity  running 
through  much  of  the  work  a  given  piece  is  seldom  repeated,  a 
fact  which  makes  the  setting  of  a  time  limit  by  estimate  a  matter, 
of  necessity  if  it  is  to  be  done  at  all.  The  fact  that  the  work  is 
large  makes  it  possible  to  spend  an  amount  of  time  and  expense  in 
determining  these  matters  which  would  be  economically  impos- 
sible with  miscellaneous  small  pieces,  and  the  facts  that  the  shapes 
are  simple,  that  the  cuts  are  roughing  cuts  only,  and  that  the 
workability  of  the  material  is  known,  make  it  more  feasible  to  get 
at  the  data  for  these  calculations  than  would  be  the  case  with 
miscellaneous  work. 

In  view  of  the  results  exhibited  it  would  be  a  very  unprofitable 
task  to  endeavor  to  point  out  spots  on  the  sun,  but  it  seems  to  me 
that  while  the  system  has  undoubtedly'  accomplished  great  things 
at  Bethlehem,  its  field  is  nevertheless  limited. 

I  do  not  feel  like  making  an  extended  comparison  between  this 
system  and  the  pi'emium  system,  but  it  may  be  worth  while  to 
point  out  that  the  essential  difference  lies  in  the  fact  that  with  the 
premium  plan  the  average  results  are  taken  as  a  basis,  and  the 
workman  is  then  offered  a  premium  for  improving  upon  those  re- 
sults, whereas  with  this  system  the  7naxiinuin  results  are  first 
obtained  by  estimate,  and  the  workman  is  then  offered  a  bonus  if 
he  will  reach  those  maximum  results.  In  other  words,  the  average 
results  are  the  basis  of  one  system,  while  the  raaxiraura  results  are 
the  basis  of  the  other.     The  finding  of  the  average  results  is,  of 
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course,  a  simple  matter  of  observation,  while  the  finding  of  the 
maximum  results  is  a  matter  of  extended  analj'sis  and  calculation. 

I  have  never  presented  the  premium  plan  as  a  perfect  thing  nor 
as  an  ideal  thing,  and  certainly  not  as  the  only  good  thing.  On 
the  contrary,  its  chief  merits  lie  in  the  fact  that  it  is  a  simple 
thing  and  a  flexible  thing,  and  it  is  to-day  in  use  by  many  men 
and  in  many  places,  where  the  elaborate  nature  of  Mr.  Taylor's 
ideas  would  prevent  them  from  being  even  considered. 

Mr.  Charles  Day. — The  very  able  paper  whicii  Mr.  Gantt  has 
just  read  opens  up  so  many  new  fields  for  thought  that  I  hardly 
know  where  to  begin  the  discussion. 

He  has  offered  a  solution  to  one  of  the  most  trying  problems 
with  which  the  employer  has  to  deal,  namely — obtaining  the 
maximum  output  from  a  body  of  men  in  a  manner  which  divides 
the  return  as  justly  as  possible  between  the  employer  and  the 
employee.  Without  some  such  system  our  modern  machine-shop 
equipment  amounts  to  little ;  and,  although  many  excellent  sug- 
gestions have  been  made  and  successfully  carried  out  in  the  form 
•of  piece  rates  and  premium  plans,  the  present  paper  seems  to  me 
to  be  far  ahead  of  anything  yet  offered,  as  it  is  based  on  fact, 
instead  of  fiction,  and  will  grow  as  our  knowledge  grows.  It 
possesses  the  good  features  of  the  older  methods,  as  far  as  the 
bonus  is  concerned,  and  also  offers  the  only  real  way  of  setting  a 
rate,  i.  e.,  analj'zing  the  complex  operation  into  its  elements,  and 
studying  them  as  such.  It  seems  to  me  that  the  man  is  the  machine 
we  must  first  consider,  and  to  increase  his  output  with  the  facili- 
ties at  hand,  he  must  be  stimulated  through  the  awakening  of  the 
intellect,  covetousness,  pride,  or  other  motive.  Mallock  tells  us 
that  but  6  per  cent,  of  men  work  intelligently,  the  rest  being 
laborers,  very  good  laborers,  however,  if  given  the  necessary  in- 
struction and  incentive.  This  is  what  the  present  scheme  aims  at. 
We  must  study  the  "  personal  equation  "  of  the  average  man,  and 
there  we  will  find  that  instinct,  not  intelligence,  plays  the  more 
important  part.  Once  firmly  fix  in  the  workman's  mind  that  we 
are  working  for  his  interest,  as  well  as  our  own,  and  the  battle  is 
nearly  won.  But,  in  order  to  maintain  tliis  feeling,  very  few 
mistakes  in  rates  should  be  made,  and  it  must  be  possible,  as  con- 
ditions change,  to  alter  such  rates  without  endangering  yciu" 
position. 

There  are  two  distinct  classes  of  machine  shops — 

First. — Shops  that  do  duplicate  work  only. 
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Second. — Shops  that  do  woi'k  of  a  general  character.  The 
Westinghouse  Air-Brake  Company,  and  the  Westinghoiise  Ma- 
chine Company  have  been  referred  to  in  this  respect,  and  better 
examples  could  not  be  cited. 

In  the  former  works,  where  a  series  of  operations  are  repeated 
thousands  of  times,  the  hcst-knoiun  practice  is  sure  to  be  adopted, 
and  the  cost  of  production  is  reduced  to  a  minimum.  In  the 
machine- works,  on  the  other  hand,  the  conditions  are  reversed ; 
each  job,  speaking  general!}',  is  an  experiment,  and,  if  repeated 
often,  could  be  done  to  befter  advantage.  It  is  the  solution  of 
this  problem  which  is  brought  out  so  clearly  by  Mr.  Gantt.  By 
starting  at  the  bottom,  obtaining  an  absolute  knowledge  of  the 
elements  with  which  we  are  dealing,  and  applying  this  informa- 
tion correctly,  it  is  possible  to  machine  the  most  complicated  form 
in  the  least  possible  time.  It  places  the  two  shops  in  the  same 
class,  so  far  as  efficiency  goes,  and  adds  a  very  strong  feature  to 
the  fii-st,  i.  e.,  the  ease  with  which  rates  can  be  changed  to  meet 
new  conditions.  This  has  always  been  one  of  the  weak  points  of 
the  piece-rate  sj'stem,  and,  as  nothing  is  undergoing  more  rapid 
evolution  than  the  machine  shop,  it  is  a  constant  point  of  con- 
tention. 

In  order  to  see  how  far-reaching  is  the  influence  of  this  "  scien- 
tific investigation,"  when  properly  carried  out,  I  will  go  into  the 
details  of  a  given  piece  of  work.  If  of  steel,  it  must,  of  course,  be 
of  a  given  chemical  composition  and  undergo  a  certain  process  of 
annealing.  If  these  specifications  are  not  followed  out  very  closely, 
the  instructions  given  the  machine  sliop  will  not  hold,  and  the 
forge  department  will  be  called  to  account,  the  consequence  being 
much  greater  uniformity  of  material,  one  of  the  first  essentials  of 
maximum  output. 

In  order  to  give  the  necessarj'  instructions  to  the  workmen, 
a  perfect  knowledge  of  each  tool  must  be  obtained,  and  in  this 
connection  I  am  sure  that  a  description  by  Mr.  Gantt  of  the  slide 
rules,  now  in  use  at  the  Bethlehem  Steel  Works,  would  be  a 
revelation  to  many  tool  builders. 

liow^  many  of  our  machines  are  built  upon  scientific  principles, 
and  how  many  manufacturers  can  inform  us  of  the  cuts  and  feeds 
a  given  tool  can  take?  But  we  must  have  all  this  information, 
and  much  more,  if  the  "bonus  system"  described  by  Mr.  Gantt, 
is  to  be  adopted.  I  feel  sure  that  tools  will  be  purchased  in  the 
future  very  differently  from  past  custom.     First,  we  wish  to  know 
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what  a  tool  will  do,  and,  second,  what  it  will  handle.  For  in- 
stance, a  16-inch  engine  lathe  conveys,  I  think,  about  the  same 
impression  to  us  all;  but  I  recently  saw  a  16-inch  lathe  driven  by 
a  60  horse-power  motor,  designed  to  take  a  cut  3  inches  deep,  ■^^- 
inch  feed  at  70  feet  cutting  speed  on  30  carbon  steel. 

It  seems  strange,  indeed,  that  the  macliine  tool-builders  should 
have  to  give  the  credit  of  first  determining  the  relations  between 
feed,  speed  and  depth  of  cut  for  a  given  material  to  Mi-.  Fred 
Taylor ;  but  now  that  the  way  is  opened,  let  us  hope  that  they 
will  use  this  knowledge  to  advantage  and  aid  in  every  waj'  the 
shop  manager  who,  at  present,  must  content  himself  by  using  to 
the  best  advantage  what  he  can  get,  instead  of  having  machines 
designed  for  a  given  duty,  and  embodying  the  principles  of  maxi- 
mum output.  The  necessity  for  close  speed  and  feed  regulation 
and  ease  of  obtaining  the  same,  is  shown  in  its  t?'ue  light,  when 
the  work  is  subdivided  in  the  manner  explained  by  Mr.  Gantt ; 
and,  in  fact,  any  number  of  similar  cases  could  be  cited,  but  they 
are  all  very  apparent  when  we  reason  along  scientific  lines,  instead 
of  jumping  at  conclusions.  It  is  this  point  to  which  I  wish  to  call 
special  attention — the  intelligent  design  of  machine  tools ;  and, 
although  I  realize  that  lathes,  drill-presses,  etc.,  must  be  made  in 
large  quantity  for  a  great  variety  of  work,  should  not  the  builder 
be  able  to  state  all  the  more  surely  the  capabilities  of  such  a 
tool? 

Of  course,  the  user  must  be  educated  to  this  standard,  but  is 
not  the  builder  the  party  to  undertake  this  work  for  his  own  good  ? 

I  feel  confident  that  sufficient  proof  that  tlie  principles  as  stated 
by  Mr.  Gantt  are  correct,  is  found  in  the  tremendous  increase  in 
output  at  the  Eethlehem  Steel  Works,  and  the  splendiil  attitude 
of  the  men.  At  the  works  of  the  Linlv-Belt  Engineering  Com- 
pany, Nicetown,  Philadelphia,  we  are  endeavoring  to  follow  out 
the  same  general  scheme,  using  a  modification  of  the  Taylor 
differential  piece-work  S3'stem. 

Mr.  C.  II.  Buckley.— Some  may  think,  after  reading  Mr. 
Gantt's  excellent  description  of  this  system,  that  even  with  this 
plan  some  of  the  troubles  might  arise  that  often  accompany  the 
introduction  of  a  piece-rate  system,  but  my  experience  proves  the 
contrar}'. 

I  have  seen  men  who  felt  their  inability  to  earn  the  prize  at 
once,  work  for  it  in  vain  for  three  days  in  succession  to  have  their 
efforts  crowned  with  success  on  the  fourth  day. 
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That  workmen  are  less  liable  to  make  mistakes  when  following 
instructions  may  be  illustrated  by  the  case  of  a  man  who  was 
under  me,  both  before  and  after  the  instruction-card  system  was 
introduced.  Although  he  had  been  a  helper  on  one  of  the  large 
lathes,  and  had  been  assigned  to  me  to  run  a  30-inch  lathe,  he 
proved  to  be  so  extremely  ignorant  and  stupid  that  it  took  a  very 
large  amount  of  my  time  looking  after  him. 

It  made  no  difference  to  him  where  he  started  on  a  job  ;  if  there 
were  five  pieces  in  a  lot,  no  two  would  be  machined  by  the  same 
method,  unless  I  saw  specially  that  it  was  done,  and  his  tendency 
to  make  mistakes  was  such  that  I  dared  not  be  away  from  him 
many  minutes  at  a  time. 

When,  however,  he  began  to  receive  instruction  cards,  and  had 
a  path  laid  out  for  him  to  follow  explicitl\^  on  each  piece,  the 
difficulties  all  vanished,  and  after  one  week's  experience  with  the 
instruction  cards  he  could  perform  the  work  on  a  single  piece,  for 
which  he  had  a  card,  almost  as  quickly  as  if  it  were  the  last  piece 
in  a  lot  of  twenty. 

That  rapid  work  is  necessarily  conducive  to  errors  is  not  in 
accord  either  with  my  observation  of  others  or  my  own  ex- 
perience as  a  workman;  and,  if  we  compare  rapid  work  when 
using  instructions,  with  slow  work  without  them,  the  liability  to 
errors  is  much  less  in  the  former  than  in  the  latter  case.  Slow 
work  gives  opportuuitj'  for  the  workman  to  think  of  other  things 
besides  his  work,  which  is  a  great  source  of  errors. 

AVhen  the  bonus  system  was  first  put  in  operation,  men  would 
frequently  ask  to  be  allowed  to  do  the  work  by  their  own  method 
instead  of  following  the  instruction  card.  When  such  requests 
were  granted — and  this  was  fi-equently  done  for  the  moral  effect — 
the  men  worked  harder  but  almost  ahva\'s  lost  their  bonus,  illus- 
trating the  fact  that  the  guess  of  a  workman  is  seldom  as  good  as 
the  analysis  of  an  experienced  mechanic.  I  have  seen  machinists 
doing  the  lathe  work  on  a  piece  with  variable  diameters  begin  at 
one  end,  and  take  each  diameter  in  succession,  either  changing 
the  speed  very  often  or  doing  the  work  at  a  wrong  speed,  in  either 
case  wasting  time.  They  were  doing  as  well  as  is  generally  done 
without  taking  time  to  study  the  matter. 

In  making  out  instruction  cards  for  the  lathe  men  we  alwa3's 
specify  which  end  of  the  piece  is  to  be  placed  next  to  the  face 
plate,  and  then  select  all  the  diameters  which  may  be  turned  to 
the  best  advantage  with  one  speed  and  without  changing  tools. 
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Then  the  next  group  of  diameters  with  another  speed,  and  so  on 
with  a  definite  object  in  view. 

It  seems  to  be  human  nature  to  perform  the  pleasant  task  first, 
and  to  leave  the  disagreeable  part  until  last.  This  is  noticeable 
to  a  marked  degree,  especially  in  piece  work,  when  two  men  are 
working  on  opposite  turns  on  the  same  machine.  The  first  man 
to  work  on  a  new  job  will  often  perform  the  easy  or  pleasant  task 
first,  forcing  the  other  man  to  take  what  is  left.  The  instruction 
card  abolishes  this  practice,  as  the  order  of  the  operations  is  speci- 
fied, and  neither  man  can  pick  or  choose,  but  must  perform  the 
operation  next  in  order.  From  the  inspection  report  made  at  the 
end  of  each  shift,  it  may  be  seen  a  month  later,  when  we  begin  to 
erect  this  work,  which  of  the  men  did  the  more  accurate  work  or 
which  made  an  error  that  may  have  escaped  the  notice  of  the 
inspector. 

As  Mr.  Gantt  has  said,  it  is  hard  to  convince  a  man  that  it  is 
possible  to  do  four  times  as  much  work  as  he  is  already  doing,  and 
I  will  give  my  experience  with  some  good  machinists,  of  which 
the  following  is  a  sample.  When  he  receives  his  instruction  card 
he  glances  at  the  time  allowed  for  each  operation  and  the  total  time 
to  finish  the  piece.  He  then  begins  a  mental  calculation  based  on 
his  own  experience  with  similar  work,  the  result  of  which  is, 
"  Impossible."  A  very  stupid  observer  can  readily  see  this  stamped 
on  his  countenance. 

If  this  is  the  man's  first  introduction  to  the  system,  we  rarely 
try  to  convince  him  of  the  accuracy  of  the  instruction  card,  but 
the  next  morning  will  approach  him  and  get  him  to  perform  a  few 
of  the  operations  witli  the  stop  watch  in  plain  sight.  In  a  short 
time  he  sees  that  nothing  unreasonable  has  been  asked,  and  will 
nearly  alwa3's  start  from  that  moment  working  with  a  good  will ; 
when  once  he  earns  a  bonus  we  experience  no  further  trouble. 

The  advantage  of  the  instruction  card  is  particularly  apparent 
when  the  same  operations  are  to  be  performed  on  a  lot  of  say, 
twenty,  duplicate  and  rather  complicated  pieces.  The  busy  fore- 
man and  the  machinist  would  ordinarih^  decide  upon  some  fairly 
good  method  of  doing  the  work,  but  they  could  not  possibly  know 
the  best  method  without  making  a  series  of  experiments.  On  the 
other  hand  a  man  whose  business  it  is  to  find  out  the  best  way  of 
doing  work,  and  to  make  out  instruction  cards  accordingly,  would 
on  a  new  job  probably  make  out  several  cards  showing  different 
methods,  and  finally  decide  upon  the  one  which  he  thought  best. 
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Some  will  ask  why  not  send  this  man  with  his  wonderful 
powers  of  discovering  good  methods  to  the  shop  as  a  foreman,  or 
let  him  actually  do  the  work  himself.  The  same  logic  that 
demands  of  a  draughtsman  to  perfect  his  designs  on  paper  before 
the}^  are  put  into  metal,  should  demand  that  methods  of  doing 
work  should  be  perfected  as  far  as  possible  on  paper  before  they 
go  to  the  shop. 

The  saving  of  money  in  the  latter  case  is  quite  comparable  to 
that  in  the  foi-mer  and  in  an  economically  run  shop  the  man  who 
shows  hoio  the  work  should  be  done  is  nearly  as  important  as  the 
draughtsman  who  shows  wJiat  should  be  done. 

Mr.  Fred.  W.  Taylor. — Tiie  subject  of  rate-fixing  brought  up 
by  Mr.  Halsey  is  of  such  importance  that  I  prefer  to  present  such 
data  as  is  in  my  possession  in  the  form  of  a  separate  paper,  and 
hope  to  present  this  to  the  Society  at  a  later  meeting. 

Mr.  M.  P.  Higgins. — I  am  not  only  much  interested  in  this 
paper  and  the  discussion  upon  it,  but  I  am  impressed  with  the 
deep  importance  of  the  subject. 

This  paper  is  so  advanced  in  its  suggestion  that  we  are  in  danger 
at  first  of  casting  it  aside  as  something  like  a  dream  of  a  millen- 
nium, which  cannot  be  realized  in  our  machine  shops.  I  believe 
the  "bonus"  principle  to  be  so  practical  and  so  scientific  that  it 
may  be  said  to  be  of  the  nature  of  an  epoch-making  proposition 
in  the  machine  shop.  It  is  certainly  a  surprise  to  many  of  us,  and 
the  practical  importance  of  it  is  likely  to  grow  in  our  minds. 

I  have  faith  in  it — first,  because  it  is  founded  upon  scientific 
principles  of  analj'sis  such  as  have  proved  necessary  and  success- 
ful in  the  advancement  of  knowledge  and  its  reduction  to  science ; 
secondly,  because  it  involves  an  intensified  division  of  labor  which 
has  never  been  attempted  before.  The  importance  of  applying 
the  best  and  fittest  brain  and  thought  to  industrial  labor,  such  as 
machine  shop  work,  is  in  my  mind,  secondary  only  to  the  proper 
schooling  for  our  mechanics.  The  proper  training  of  our  working 
mechanics  in  trade  schools  will  fix  our  position  in  the  industrial 
world  of  the  future. 

I  feel  greatly  obliged  to  Mr.  Gantt  for  his  very  valuable  paper. 
It  marks  a  wa\'  for  atlvancing  and  supplementing  all  manual  skill . 
and  technical  schooling  of  mechanics  that  is  scientific  and  almost 
ideal. 

Mr.  James  M.  Dodge. — I  desire  to  say  that  some  years  ago  the 
concern  with  which  I  have  the  pleasure  of  being  connected  be- 
24 
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came  enamored  with  Mr.  Taylor's  personality  and  shop  system. 
The  hardest  dose  we  had  to  take  was  the  admission,  individually 
and  collectively,  that  the  work  which  we  had  done  for  years  we 
did  not  understand  in  all  its  phases ;  that  we  must  change  our 
methods  of  thought  before  we  could  adopt  Mr.  Taylor's  system. 
We  endeavored  to  follow  his  teachings,  and  were  fortunate  in  secur- 
ing the  services  of  Mr.  Louis  S.  Wright,  one  of  Mr.  Taylor's  earliest 
assistants.  The  first  thing  we  stumbled  over  was  our  natural 
tendency  to  use  our  past  knowledge  and  experience  in  mild 
opposition  to  the  radical  changes  which  we  were  called  upon  to 
make.  When  Mr.  Wright  would  say,  "  I  am  going  to  put  a  clerk 
over  there  and  he  is  to  have  a  ticket,"  we  would  inquire,  "  What 
for?"  He  would  then  say,  "  That  is  part  of  the  system."  Some 
one  would  possibly  suggest,  "  Why  can't  you  let  Billy  do  that." 
Mr.  Wright  would  then  tell  us  "that  he  had  other  plans  for  using 
Billy."  So  we  ran  against  differences  of  opinion  from  the  start. 
Finally  Mr.  Taylor  suggested  to  us  "  that  we  give  Mr.  Wright 
full  swing,  let  him  do  whatever  he  wanted  to  do  without  question, 
and  after  he  got  all  the  work  done,  then  if  we  wished  to  criticize 
it  as  a  whole,  we  would  be  in  position  to  lop  off  unnecessary  limbs 
understandingly.  If  you  do  this,"  he  said,  "  I  will  guarantee  you 
will  lop  off  a  great  many,  but  the  first  thing  to  do  is  to  introduce 
the  system  at  any  cost  of  money  and  cost  of  pride.  It  is  necessary 
to  put  j'ourself  in  the  back-ground  and  be  a  spectator.  See  how 
the  plan  works,  with  a  consciousness  that  if  it  does  not  work 
properly,  it  can  be  annihilated."  We  followed  Mr.  Taylor's  sug- 
gestions and  when  we  were  practically  through  with  the  inti'o- 
duction  of  the  new  order  of  things,  I  asked  one  of  our  competent 
men  "  What  our  own  and  previous  system  had  been  'i ''  He  started 
to  tell  me  the  methods  of  our  own  devising  and  he,  by  the  way, 
was  the  man  best  posted  in  what  we  had  worked  out  ourselves. 
"  What  I  mean  by  system  is,  we  receive  our  mail,  in  it  our  orders, 
checks,  inquiries,  etc.  Now,  what  do  we  do  with  our  mail  ? " 
He  began  to  tell  me  what  our  plan  was,  who  opened  the  maih 
who  transcribed  the  orders,  what  was  done  after  the  initial  entry, 
some  going  to  the  engineering  department,  some  of  them  (here  he 
hesitated),  well,  I  will  look  it  up  and  let  you  know  in  a  minute." 
I  then  asked  our  superintendent,  who  was  a  devotee  of  Mr. 
Taylor's  system,  and  who  had  been  very  much  interested  in  our 
own.  He,  too,  got  a  little  mixed  up  in  his  explanation.  I  then 
called  in  both,  explaining  what  I  was  driving  at,  and  stated, 
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"  Neither  of  you  can  tell  the  system  of  our  shop  in  all  its  details. 
Mf.  Taylor  thinks  we  ought  to  make  a  chart  of  our  new  system 
at  all  events.  They  mildly  objected  on  the  ground  that  it  was 
easy  enough  to  get  all  the  information  we  wanted  and  it  took  only 
a  few  minutes  to  do  it.  I  then  explained  that  "  I  did  not  want  to 
know  it,  but  only  asked  to  ascertain  if  you  knew  it."  [Laughter.] 
The}'  hardly  thought  a  chart  was  necessary.  Howevei",  I  was 
humored  to  the  extent  that  a  chart  was  prepared.  We  then 
employed  less  than  300  men  and  it  took  eight  weeks  to  make  a 
chart  of  what  we  were  doing  in  our  shop.  "When  we  got  the 
chart  done,  we  went  over  it  carefully  and  succeeded  in  cutting 
out  83,600  of  unnecessar}'  expense  in  the  first  hour  of  our  work. 
The  reason  we  were  able  to  make  this  cut  was  that  the  chart 
showed  us  where  the  lines  of  our  system  were  crossing  and  indi- 
cated clearly  how  improvements  could  be  made,  but  it  was  beyond 
the  power  of  any  intellect  we  had  in  our  place  to  see  through  the 
tangle  until  we  had  it  right  down  on  a  piece  of  paper.  We 
detected  at  once  several  instances  of  duplication. 

From  that  time  to  this  we  never  make  a  change  in  our  shop 
system  without  consulting  the  chart  and  noting  it  thereon  and 
trace  out  the  possible  conflict  that  may  arise.  It  is  a  mutilated 
document  now,  but  it  clearlv  shows  the  history  of  the  develop- 
ment and  modifications,  of  the  improvement  of  the  s\'stem  as 
originallv  put  in  practice.  Mr.  Taylor  has  been  a  blessing  to  us, 
and  to-day  we  are  expending  about  60  per  cent,  of  the  present 
value  of  our  equipment  in  order  to  properly  follow  his  lead  and 
use  the  Ta3'lor-White  steel  and  shop  system,  so  ably  worked  out 
by  Mr.  Taylor  and  supplemented  by  the  suggestions  of  Mr.  Gantt. 
Our  only  regret  is  that  we  cannot  immediately  accomplish  all  the 
changes  necessary  and  get  more  immediate  benefit  from  the 
introduction.     [Applause.] 

Prof.  F.  E.  Emory. — I  wish  to  say  a  word  or  two  as  to  this 
system.  Last  summer  a  gentleman  who  had  a  large  contract  to 
build  a  lock  and  dam  on  a  Western  river  told  me  be  was  obliged 
to  give  up  his  contract  because  he  could  not  get  laborers.  Laborers 
there  demanded  $2  a  da}',  and  by  laboi'er  was  meant  a  man  who 
could  not  do  anything — a  man  who  had  failed  in  every  other  call- 
ing. All  broken-down,  worn-out  men  are  there  classed  as  laborers. 
When  a  man  cannot  work  at  anything  else,  he  thinks  he  can  work 
as  a  laborer  for  the  Government  or  a  conti'actor  or  coal  miner. 
The  reason    is   that  labor  is  not  a   profession  in  this  countr}', 
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although  it  should  be.  We  have  our  trained  professional  men, 
but  the  laborer  is  the  man  without  a  training.  He  should  have 
a  well-developed  muscle  and  sufficient  mind  to  operate  that  muscle. 
He  must  have  good  food  and  good  clothing,  and  he  must  be  tem- 
perate. He  must  be  a  trained  man  to  be  a  laborer  as  much  as  to 
work  in  any  other  calling;  and  if  our  State  could  have  furnished 
the  contractor  with  300  laborers  of  this  class  he  would  not  have 
had  to  withdraw  his  Government  contract,  and  we  would  have 
had  our  locks  and  dam  much  sooner.     (Laughter  and  applause.) 

Mr.  Orosco  C.  Woolson. — I  have  been  pleased  with  Mr.  Ta3'lor's 
plan,  and  several  things  come  to  my  mind  which  prompt  me  to 
indorse  his  conclusions.  Without  going  into  a  discussion  of  the 
whole  subject  I  wan.t  to  expi-ess  what  to  me  seems  of  particular 
value  in  his  plan  of  subdivided  foremanship.  In  the  first  place, 
the  sub-foremen  must,  and  would,  become  experts  in  their  particu- 
lar departments;  hence  it  follows  that  the  workmen  under  them 
would  naturally  become  more  proficient  as  all-round  meclianics. 
This  will  have  greater  potency  when  applied  to  our  apprentices, 
and  for  this  reason,  if  for  no  other,  the  plan  proposed  by  Mr. 
Taylor  appeals  to  me.  It  would  not  be  reasonable  to  suppose  that 
such  a  system  of  sub- foremanship  could  be  profitably  applied  to 
every  shop,  both  large  and  small;  yet,  in  my  judgment,  an 
apprentice  brought  up  under  such  a.  system  would  be  a  better 
mechanic  when  the  time  came  for  him  to  take  up  work  as  a 
journeyman. 

Mr.  Ganit:^ — I  do  not  know  that  there  is  much  for  rae  to  sa}'. 
I  wish  to  emphasize  again,  though,  one  point  which  I  made  this 
morning,  and  which  many  people  who  are  here  now  may  not 
have  heard,  namely,  that  the  sj'stem  involves  a  system  of  educa- 
tion, and  I  believe  that  the  lack  of  trained  men  can  be  supplied 
by  this  means  more  quickly  than  by  any  other  which  is  now 
available.     (Applause.) 

*  Author's  closure,  under  tlie  Rules. 
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BY  J.  O.  NISON,  PHILADELPUIA,  PA. 

(Junior  Member  of  the  Society.) 

1.  The  advantages  of  chaiu  gearing  for  power  transmission 
have  long  been  recognized  by  the  engineer,  and  since  the  intro- 
duction of  the  Ewart  Detachable  Link-Belt  in  the  early  seven- 
ties, the  use  of  drive  cliaius  has  steadily  increased,  until  now 
many  million  feet  of  driving  chain  are  made  and  sold  every  year. 

2.  While  the  field  in  which  this  immense  quantity  of  chain  is 
used  is  necessarily  very  large,  it  is  only  a  small  part  of  the 
whole  realm  of  power  transmission.  The  reasons  why  chaiu 
gearing  has  been  thus  limited  in  its  application  are  : 

First. — The  noise  heretofore  inseparable  from  all  chain  gear- 
ing. 

Second. — The  comparatively  low  speed  limits. 

Third. — The  more  or  less  rapid  increase  of  noise  and  jar  due 
to  the  stretch  and  wear  of  the  chain  and  the  wear  of  the  wheel. 

These  three  defects,  inherent  in  all  ordinary  chains,  are  due 
to  the  stretch  of  the  chain,  by  its  elasticity  and  by  wear,  both 
internal  and  external,  which  make  a  chaiu,  as  soon  as  it  is  started 
up,  too  large  for  the  sprocket  which  it  was  made  to  fit. 

Fig.  148  will  possibly  make  this  clearer.  The  figure  shows  a 
driven  sprocket  wheel  and  a  chain  of  the  ordinary  type.  This 
chain,  it  is  assumed,  was  made  to  fit  the  sprockets.  However, 
as  soon  as  the  gear  was  started  up,  the  pitch  lengthened  so  that 

*  Presented  at  the  New  York  meeting  (December,  1901)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the 
Transactions. 

f  For  previous  discussions  on  this  and  related  topics  consult  Transactions  as 
follows: 

No.  198,  vol.  vii.,  p.  27.3:     "  Experiments  on  the  Transmission  of  Power  by  Gear- 
ing."    Wilfred  Lewis. 
No.  202,  vol.  vii.,  p.  347:     "  Transmission  of  Power  by  Belting."  Gaetano  Lanza. 
No.  213,  vol.  vii.,  p.  549:     "Experiments  on  Transmission  by  Belting."   Wilfred 

Lewis. 
Xo.  426,  vol.  xii.,  p.  230:     "Rope  Driving."     C.W.Hunt. 
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this  is  no  longer  the  case.  This  lengthening  of  the  pitch,  or 
stretch,  is  due  to  the  following  causes:  The  pins  bed  in  their 
bearings,  the  stress  on  the  chain  stretclies  the  metal,  which  is,  of 
course,  elastic,  and  wear  of  the  pins  and  of  their  bearings  begins 
at  once  and  is  a  constantly  increasing  factor.  Add  to  this  the 
decrease  in  root  diameter  of  the  sprocket  due  to  wear,  and  we 
have  the  conditions  shown  in  the  figure,  of  a  wheel  running 
with  a  chain  which  is  too  big  lor  it.  This  means  that  one  tooth 
alone  is  doing  all  the  work  at  any  given  time. 


FiG.   148. — OiiDixAKY  Chain  and  SiT.oLKiiT. 


3.  In  the  first  section  of  Fig.  14S  we  have  tooth  A  in  action;  in 
the  second  section  the  wheel  has  revolved  and  the  chain  is 
about  to  slip  off  tooth  A,  and  in  the  third  section  the  chain 
has  slipped  off,  and  the  wheel  has  slipjied  back  iinder  the  influ- 
ence of  the  load,  until  tooth  B  comes  in  contact  with  the  chain. 
This  slipping  back  of  the  wheel  makes  a  noise  and  causes  a 
shock  to  both  chain  and  wheeL  These  shocks  occur  every 
time  a  link  passes  out  of  mesh  and,  therefore,  at  even  very 
moderate  speeds,  the  number  per  minute  is  very  large.  It  has 
been  proved  by  experiment  and  by  practice  that  this  jarring 
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action  is  very  wasteful  of  power,  aucl  that  the  amount  of  power 
consumed  by  it  increases  more  rapidly  than  tlie  speed  increases, 
so  that  the  allowable  useful  working  stress  becomes  smaller  and 
smaller  with  increasing  speed.  This  limits  the  speed  at  which  a 
chain  may  be  run.  Of  course  this  limiting  speed  yaries  greatly 
for  yarious  styles  of  chain  and  is  much  higher  for  a  steel  roller 
chain  of  projier  design  than  for  a  malleable  chain.  "What  has 
been  said  aboye  with  reference  to  a  driven  sprocket  applies 
with  equal  force  to  the  driver. 

4.  From  the  foregoing  it  will  be  immediately  inferred  that  the 
solution  of  the  problem  of  producing  a  ]ii(/h  sjieed  and  a  .silent 
chain  gear  lies  in  the  pi'oduction  of  a  wheel  and  chain  which 
shall  always  remain  a  perfect  fit  each  with  the  other  entirely 
independent  of  the  stretch  of  the  chain.  Such  a  chain  gear  has 
been  developed  by  Mr.  Hans  Renold,  of  Manchester,  England, 
and  has  been  in  wide  and  successful  iise  in  Europe  for  some 
five  years  past.  This  chain  gear  consists  of  a  chain  composed 
of  links  of  a  peculiar  form  stamped  from  the  sheet  or  cut  from  a 
drawn  bar  fastened  together  by  shouldered  rivets  into  a  chain 
of  any  desired  width  iFigs.  l-iO-iol)  running  over  cut  sprocket 
wheels  with  teeth  of  a  shajje  varying  with  the  size  of  the  wheel. 
It  is  absolutely  silent  and  may  be  run  at  high  speeds.  It  is 
capable  of  transmitting  any  amount  of  power  from  the  smallest 
to  the  greatest. 

.").  How  the  Renold  chain  gear  accomplishes  its  resiilts  may 
be  best  seen  by  reference  to  Fig.  152.  It  will  be  noted  at  once 
that  the  chain  has  contact  with  the  wheel  on  the  faces  of  the 
teeth  only,  and  not  on  the  root  circle  at  any  time.  The  flat 
bearing  surfaces  of  chain  and  wheel  at  cori'esponding  angles 
cause  the  cliain  to  take  the  form  of  a  perfect  circle  at  all  times, 
with  a  pitch  diameter  corresponding  to  the  pitch  of  the  chain, 
and  not  to  the  pitch  of  the  wheel,  as  is  the  case  where  the 
bearing  is  on  the  root  circle.  Because  of  the  above,  every  tooth 
in  mesh  is  in  equal  contact  with  the  chain,  and  remains  so 
whatever  the  stretch.  As  any  given  tooth  goes  out  of  con- 
tact with  the  chain  there  is  no  slipping  back  of  the  chain,  for 
the  next,  and  every  other  tooth  in  mesh,  is  in  perfect  working 
contact  with  it.  Thus  there  is  no  noise  connected  with  the 
operation  of  the  chain,  and  the  cause  which  limits  the  speed  of 
the  ordinary  chain  gear  does  not  exist.  The  first  section  of 
Fig.  152  shows  a  new  chain  on  the  sprocket ;  the  second  section 
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shows  the  same  chain  after  having  stretched,  and  illustrates  how 
the  chain  automatically  adjusts  itself  to  the  sprocket,  remaining 
always  a  perfect  fit  for  it ;  the  third  section  shows  the  rolling 
action  of  the  chain  as  it  comes  into  mesh.  There  is  seen  to  be 
no  sliding  of  the  chain  on  the  sprocket  tooth,  which  means,  of 
course,  minimum  of  wear  and    a  maximum  of  efficiency.     The 
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ITjO.— Block     Fig.  IDl. — Mlltii'LE  Block 
Cii.\iN.  Oir.\iN. 


Reuold  Silent  Chain  Gear,  as  Mr.  Eenold  has  named  this  de- 
velopment, is  therefore  noiseless  ;  it  can  be  run  at  high  speeds  ; 
and  it  retains  the  originally  perfect  action  until  worn  out.  An- 
other valuable  property,  which  is  a  corollary  of  the  self-adjusting 
feature  of  the  chain,  is  the  possibility  of  running  two  or  more 
chains  side  by  side  on  the  same  wheels.  In  this  way,  wlien 
large  jDOwers  are  to  be  transmitted,  and  the  width  of  chain 
necessary  becomes  too  great  for  convenience  in  manufacture  or 
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iu  baudliug,  several  chains  may  be  used  with  the  perfect  assur- 
ance that  each  will  bear  its  proper  share  of  the  load.  This  is  m 
great  contrast  to  the  known  impossibility  of  getting  two  ordi- 
nary chains  to  stretch  evenly  and  so  distribute  the  load  between 
them.  As  the  numl)er  of  chains  becomes  greater  the  difficulty 
by  the  old  method  is  more  than  proportionately  increased. 

6.  The  life  of  a  chain  is  the  length  of  time  which  it  will  take 
to  stretch  it  so  much  that  it  ceases  to  have  any  bearing  whatever 
on  the  teeth  of  the  sprocket  wheels.  A  very  small  bearing  will 
suffice,  because  the  load  is  divided  between  all  the  teeth  in  mesh. 
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Hence,  to  prolong  the  life  of  the  chain,  the  steel  used  iu  its 
manufacture  miist  be  of  the  very  highest  grade  obtainable,  and 
it  must  be  worked  with  the  utmost  accuracy.  A  steel  for  the 
links  of  high  tensile  strength  allows  tlie  use  of  pins  or  rivets  of 
large  diameter  while  preserving  the  tensile  strength  of  the  chain 
as  a  whole.  The  large  bearing  surface  so  obtained  is  rendered 
yet  more  valuable  by  the  use  of  hardeued  pins  of  high  grade 
material.  The  washers  on  the  ends  of  the  rivets  claim  no  little 
attention.  They  must  be  small  in  diameter  and  not  too  thick. 
This  necessitates  a  steel  of  high  tensile  strength  and  elasticity, 
so  that  the  washer  shall  grip  the  rivet  end  wlien  it  is  forced 
over  it  and  still,  by  its  small  size,  not  add  to  the  bulk  nor  detract 
from  the  appearance  of  the  chain. 
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From  the  question  of  material  oue  naturally  passes  to  the 
allowable  limits  of  error  in  workmansliip.  In  a  general  way  it 
may  be  said  that  the  chain  should  be  as  accurate  as  it  is  possi- 
ble to  make  it.  The  pitch  must  be  accurate,  the  holes  must  be 
properly  located,  and  the  rivets  must  be  neither  so  short  as  to 
bind  the  links  nor  so  long  as  to  give  excessive  plaj'. 

7.  The  sprockets  used  with  the  silent  chain  form,  of  course, 
an  indispensable  jJart  of  the  gear.  They  must  be  accurately  cut 
with  special  cutters  and  inay  be  of  any  material.  The  teeth 
have  straight  sides  to  give  a  full  bearing  with  the  working  sur- 
faces of  the  chain.  The  angle  of  the  tooth  is  different  for  every 
diameter  of  sprocket ;  or,  to  put  it  in  another  way,  the  angle 
between  the  sides  of  the  tooth  becomes  greater  as  the  number  of 
teeth  increases.     The  limits  to  the  number  of  teeth  that  maybe 
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Fig.  153. — SiiAri:s  of  Wuickl  Tkktii. 

employed  are  jiractically  fixed  at  18  and  120.  The  former  limit 
is  set  by  the  fact  that  in  a  wheel  with  this  number  of  teeth,  the 
sides  of  the  teeth  are  parallel.  Conversely  when  a  wheel  has 
120  teeth,  the  tooth  becomes  so  blunted  as  to  make  slipiaing  a 
possibility,  so  that  this  number  should  be  exceeded  only  where 
the  load  is  absolutely  uniform. 

This  variation  of  the  tooth  shape  is  illiTstrated  in  Fig.  153,  which 
shows  several  stejis  in  this  gradual  change  of  shape.  It  will  be 
readily  understood  that  the  variation  between  the  shapes  shown 
is  a  gradual  and  not  a  sixdden  transition.  The  fact  that  the  load 
on  the  sprocket  teetli  is  distributed  over  all  the  teeth  in  mesh 
obviates  the  necessity  of  using  a  metal  of  high  tensile  strength 
for  the  sjDi'ocket  wheels.  The  fact  that  there  is  no  sliding  of  the 
chain  on  the  sprocket  teeth  obviates  the  necessity  of  using  a 
very  hard  metal  to  minimize  wear.  It  is  therefore  f)0ssible  to 
make  a  strong  and  durable  sprocket  wheel  of  cast  iron.     Steel, 
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however,  lias  been  iised  for  the  small  wheel  on  automobiles,  and 
in  other  cases  where  the  service  was  jvarticularly  severe.  The 
flanges  are  put  on  after  the  teeth  are  cut,  and  are  either  shrunk 
on,  or  rivetted  to  the  wheel. 

8.  With  regard  to  the  practical  use  of  the  chain  the  following 
points  may  prove  of  interest :  It  is  obviously  necessary  that  one 
wheel  of  the  pair  be  flanged  to  prevent  the  chain  running  ofi' ;  it 
has  been  found  that  better  action  is  obtained  where  the  driven 
wheel  is  flanged  ;  the  chains  may  be  run  with  the  sprockets 
so  close  together  as  to  barely  clear,  or  the  drive  may  be  of  any 
length  up  to  ten  to  fourteen  feet  without  supporting  idlers  and, 
if  such  support  be  used,  may  be  of  any  length  found  economical 
and  desirable. 

The  only  factor  so  far  found  which  serves  to  limit  the  speed 
is  the  difliculty  of  keeping  the  lubricant  on  the  chain  at  very 
high  speeds.  At  speeds  exceeding  1,350  to  1,400  feet  per 
minute,  the  oil  is  thrown  off  by  centrifugal  force,  but  speeds 
as  high  as  2,300  feet  have  been  employed  successfully  by  en- 
closing chain  and  wheels  and  running  them  in  oil.  The  par- 
ticular case  in  mind  was  the  transmission  of  75  horse-power 
from  the  motors  to  the  car  axle  on  the  Mono-rail  Railway,  at 
the  Brussels  Exposition.  This  is  the  type  of  road  which  is 
soon  to  be  erected  between  Liverpool  and  Manchester. 

This  is  by  no  means  the  only  case  where  high  speeds  have 
been  attained  by  enclosing  the  gear,  but  is  simply  cited  as  typi- 
cal. In  this  connection,  however,  it  may  be  well  to  call  attention 
to  the  fact  that  the  chain  speeds  being  lower  than  the  speeds 
necessary  for  belting,  allows  sprockets  of  correspondingly^  smaller 
diameters  for  the  same  angular  velocities.  The  chain  thus  efi'ects 
a  marked  economy  of  space,  not  only  in  the  diameter  of  the 
wheels,  but  because  of  the  comparatively  long  centres  absolutely 
essential  with  belting.  The  line  of  centres  may  be  horizontal, 
inclined,  or  vertical,  provided  that  the  shafts  are  parallel,  but 
there  are  two  limitations  on  vertical  drives.  The  small  wheel 
should  not  be  the  upjjer  one,  because  the  weight  of  the  chain 
crowds  it  into  the  sprocket  and  gives  bad  action.  Some  form 
of  tightening  device  should  be  provided,  either  by  iidjusting 
the  centres,  or  by  an  idle  roller  on  the  slack  side  of  the  chain, 
so  as  to  prevent  the  chain,  when  it  stretches,  from  falling  away 
from  the  lower  sprocket.  Both  of  these  troubles  may  be  obvi- 
ated by  inclining  the  line  of  centres. 
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Wherever  the  chain  gear  is  exposed  to  dust  or  grit  of  any  sort, 
it  should  be  enclosed  in  a  dust-tight  casing.  In  any  case,  a  light 
metal  guard  should  be  provided  to  prevent  anything  falling  into 
the  gear. 

9.  The  statement  was  made  in  the  beginning  of  this  paper  that 
the  causes  which  had  heretofore  limited  the  use  of  chain  gearing 
were  the  speed  limit,  the  noise,  and  the  more  or  less  rapid  de- 
terioration of  the  action  of  chain  and  wheels.  We  have  now 
seen  how  these  three  defects  have  been  eliminated  in  the  Kenold 
Silent  Chain  Gear,  and  this  question  naturally  arises :  "  To  what 
is  the  silent  chain  gear  especially  applicable,  and  how  has  it 
proved  its  usefulness  in  the  past?"  An  answer  to  the  latter 
half  of  this  question  will  also  be  the  best  answer  to  the  first 
half. 

It  is  hard  to  name  a  branch  of  the  mechanical  world  in  which 
the  silent  chain  has  not  made  a  permanent  and  honored  place 
for  itself.  It  has  been  used  on  machine  tools  in  numberless 
ways ;  it  forms  an  integral  part  of  many  special  machines ;  it 
drives  shallow-draught  gunboats  on  the  Nile,  and  heavy  gun 
lathes  in  Sheffield.  Engine  governors  are  driven  by  it,  and  the 
motors  whose  power'is  transmitted  through  this  medium  are  hun- 
dreds in  number  and  of  all  sizes,  from  the  smallest  to  the  largest. 
Builders  of  automobiles  of  all  types  have  found  that  the  silent 
chain  offers  a  solution  of  their  difiiculties,  and  it  is  in  use  to-day 
on  hundreds  of  cars,  from  the  light  three-wheeled  pleasui'e  car- 
riage to  the  heavy  steam  truck.  In  our  own  country,  Messrs. 
Brown  &  Sharpe  have  been  using  this  chain  for  some  time  for 
driving  the  spindles  and  feeds  on  their  machines.  The  new  fac- 
tory of  the  Natural  Food  Company,  at  Niagara  Falls,  is  driven 
throughout  by  silent  chain.  Here  the  service  is  severe  because 
of  the  sudden  start  and  quick  acceleration,  under  load,  of  the  in- 
duction motors  used.  The  drives  vary  in  size  from  1  to  40 
horse-power.  These  are  only  notable  instances,  for  already  the 
chain  is  in  use  in  many  varieties  of  service  on  this  side  of  the 
water.  Fi'gs.  154-156  show  applications  of  the  chain.  The 
data  as  to  these  transmissions  are  given  under  the  figures  them- 
selves. 

10.  To  sum  up. 

The  Eenold  Silent  Chain  Gear  possesses,  in  common  with  all 
chain  gears,  these  advantages  : 

(1)  A  positive  speed  ratio  (no  slip). 
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Fig.  154. — Chain  Diuve,  25  House-Power   Engine  to   Line   Shaft,  Chain 
Speed  900  Feet  peu  Minute. 

(2 1  Xo  tension  iu  the  slack  side  of  the  chaiu  aud,  therefore,  a 
minimized  loss  in  journal  friction. 

I;-))  Adaptability  to  short  centres  or  to  long  centres. 

(4)  Adaptability  to  hot  or  damp  situations. 

In  addition  to  these  ii  possesses  the  following  unique  advan- 
tages : 

(1)  It  is  silent. 

(2)  It  may  be  run  at  high  speeds. 
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(3)  The  initially  perfect  action  is  preserved  throughout  the 
life  of  the  chain. 

(4)  The  load  is  distributed  over  all  the  teeth  in  mesh. 
It  is  superior  to  leather  or  rubber  belts  because — 

(1)  It  provides  a  positive  speed  ratio. 

(2)  There  is  a  minimum  loss  in  journal  friction. 

(3)  It  can  be  used  in  hot  or  damp  situations. 


l.jo.— Ill  HdHsE-PowEK  DmvE  ox  Stair  Lift,  Chain 
Speed  1,070  Feet  per  Minute. 


(4)  It  can  be  used  on  short  centres  without  a  troublesome  and 
wasteful  idler. 

It  is  sujjerior  to  spur  gearing  l)ecause — 

(1)  It  is  noiseless. 

(2)  It  does  not  require  fixed  centres. 

(3)  It  does  not  require  short  centres 

(4)  There  is  no  sliding  friction  on  the  teeth,  hence  it  is  more 
efficient. 

(5)  It  is  smoother  in  action  and  generally  more  durable. 


A   SILENT    CHAIN   GEAR. 


3S;j 


Fig.  156. — 7  Hokse-Power  Chain  Drive  on  Sellers  Grinder,  Chain  Speed 
1,000  TO  1,800  Feet  per  Minute. 

The  vrriter  believes  tliat  no  one  who  has  given  the  subject 
even  casual  thought  will  dispute  the  assertion  that  the  develop 
ment  of  the  Eenold  Silent  Chain  Gear  marks  an  era  in  the  his- 
tory of  power  transmission. 


niscrssiox. 

jr>'.  Harrington  Emerson. — I  have  been  following  this  cliain 
for  some  time  with  great  interest,  and  I  think  that  everything 
which  has  been  claimed  for  it  is  true,  but  it  seems  to  me  that  in 
this  paper  perhaps  tlie  old  chain  is  somewhat  slandered  under 
paragraph  3.  If  you  will  look  at  the  diagram.  Fig.  148.  and  as- 
sume that  the  wheel,  and  not  the  chain,  is  the  driver,  you  will 
find  that  there  is  no  slipping  action  whatever ;  and  if  the  chain  is 
made  so  that  the  link  engages  at  the  lower  part  of  the  wheel  in- 
stead of  the  top,  the  slipping  action  Avhich  is  described  and  the 
consequent  jarring  are  eliminated,  and  the  chain  can  stretch  and 
stretch  until  it  reaches  a  point  where  it  is  no  longer  in  mesh. 
Chains  made  to  gear  in  that  way  will   last  very  much  longer,  al- 


384  A    SILENT    CHAIN    GEAR. 

though  only  one  tooth  engages,  and  tlie\'  wear  less  than  if  made 
in  the  ordiuaiy  way. 

Mr.  George  I.  BocJcwood. — I  would  like  to  ask  the  author  of 
the  paper  why  this  chain  solves  the  automobile-chain  problem  ? 

3Lr.  Nixon. — The  peculiar  adaptability  of  the  silent  chain  to 
automobile  service  arises  from  the  fact  that  it  compensates  for  the 
stretch  by  riding  out  on  the  wheel,  which  means  that  there  will 
be  perfect  action  throughout  the  life  of  the  chain.  Also,  the  con- 
tinued jarring,  which  tends  to  stretch  the  chain  and  which  ab- 
sorbs a  large  amount  of  power,  is  eliminated.  "We  have  made  a 
great  many  experiments  on  this  subject  and  proved  how  great  this 
power  loss  is.  The  silent  chain,  because  it  remains  a  perfect  fit, 
is  more  efficient  and  less  liable  to  jump. 

Now,  with  regard  to  tlie  jioint  raised  by  Mr.  Emerson :  I  be- 


Luiul  ;uts  thus 
"Wheel  pitch  smaller   than  chain   pitch. 
Entering  tooth  "a"  does  all.  the  work. 


lieve  that  the  gentleman  is  correct  to  a  certain  extent.  Just  what 
he  describes  does  happen  with  a  driving-wheel  when  it  is  smaller 
in  pitch  than  the  chain.  Eeferring  to  Fig.  157,  which  represents 
the  driving-wheel  with  the  wheel  pitch  smaller  than  the  chain 
pitch,  we  have  the  entering  tooth  a  doing  the  work  as  stated  by 
Mr.  Emerson.  This  is  exactly  what  happens  in  practice,  because 
wheels  made  to  fit  the  chain  soon  become  relativeh^  small,  owing 
to  the  stretch  of  the  chain. 

Now,  it  is  perfectly  feasible  to  do  this  on  the  driving-wheel  be- 
cause there  is  tension  in  the  chain  as  it  comes  on  the  wheel  which 
will  force  the  chain  to  its  seat.  In  doing  so,  however,  .it  imparts 
a  jar  to  the  chain,  which  is  one  cause  of  the  trembling  in  the 
tight  side  of  the  ordinary  chain. 

If,  now,  we  consider  the  driven  wheel,  Fig.  158,  the  conditions 
are  reversed.     Hei'e  the  wheel  pitch  must  be  larger  than  the  chain 
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pitch  to  make  the  entering  tooth  do  the  work.  As  soon,  how- 
ever, as  this  is  attempted,  the  chain  rides  the  sprockets,  because 
there  is  no  tension  in  the  chain  as  it  comes  to  the  driven  wheel  to 
force  the  chain  to  a  seat. 

While  Mr.  Emerson  is  correct  in  sa3'ing  that  the  entering  tooth 
may  be  made  to  do  the  work  on  the  driver,  still  the  sum  total  ot 
experience  in  chain  driving  is  that  the  best,  most  efficient,  and 
most  durable  gear  of  the  ordinary  ty\>Q  is  obtained  when  the 
wheels  are  so  constructed  that  the  releasing  tooth  does  the  work 
on  both  wheels. 

All  this  discussion  on  the  means  of  minimizing  the  objection- 
able features  of  old  tj'pes  simply  emphasizes  the  good  points  of 
the  new  silent  chain. 

31)'.  Rockwood. — Speaking  about  why  automobile  chains  jump 


Chain  pulls 


Wheel  pitch  larger  than,  chain   pitch- 
Entering  tooth  "c    docs  all  the  wort. 


Fig.  158. 

off  their  sprockets  (and  the  subject  of  automobiles  is  liable  to  lead 
us  into  the  wilds,  but  I  will  try  to  confine  myself  to  automobile 
chains),  I  found  for  myself,  after  extended  looking  for  the  trouble, 
why  the  chain  did  jump  so  often.  It  was  because  the  compen- 
sating-gear  sprocket,  which  floats  by  means  of  its  pinions  on  the 
two  bevel  gears  on  the  abutting  ends  of  tlie  two  rear  shafts,  wab- 
bles when  the  yoke  which  unites  the  bearings  of  the  two  rear 
shafts  spreads  under  the  weight  of  the  carriage  and  the  pull  of  the 
chain.  If  you  can  prevent  that  wabbling,  it  is  a  mighty  poor  job 
of  a  chain  that  will  not  stay  on,  even  when  slack.  I  have  seen 
Baldwin  chains  very  slack  indeed  with  12  horse-power  on  them 
that  never  jumped  ;  never  knew  of  a  case  of  those  big  chains 
jumping,  because  the  yoke  was  made  heavy  enough  in  those  car- 
riages to  hold  the  bevel  gears  in  their  original  positions.  In  real- 
ity, the  trouble  with  my  first  cari'iage  was  in  the  wabbling  of  the 
25 
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rear  sprocket.     By  preventing  this  I  overcame  the  tendency  of 
my  chain  to  jump. 

Mr.  iViia;on.*— With  reference  to  Mr,  Eockwood's  statement  I 
would  say  that  bad  automobile  construction  is  not  properly  a  part 
of  this  discussion.  The  point  which  I  attempted  to  make  was  that 
with  the  same  amount  of  stretch,  the  silent  chain  would  be  a  fit 
for  the  sprocket,  while  the  roller  chain  would  tend  to  climb  the 
sprockets  and  jump.  Of  course,  defects  such  as  he  mentions  are 
a  serious  contributory  source  of  trouble  ,  but  the  inherent  and 
recoo-nized  type  defects  of  the  ordinary  chain  remain,  however 
well  the  sprockets  may  be  supported. 


*  Author's  closure,  under  the  Rules. 
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THE     '^POTTER-     MESH    SEPARATOR    AND     SUPER- 
HE  A  TER. 

BY   FKEDEllICK   A.    ^CUEFFl.ER.   NEW   YORK. 

(Member  of  the  Society.) 

1.  Various  designs  of  dry  pipes  t  have  been  made,  all  of  them 
with  a  view  of  accomplishing  the  same  result,  uamelj-,  that  of 
aifording  a  receptacle  for  the  steam  passing  out  of  the  lioiler, 
and  so  devised  that  steam  only,  and  no  water,  shovild  pass  through 
the  dry  pipe.  The  very  fact  that  these  various  forms  of  dry 
pipes  isometimes  deflectors  were  used)  have  been  changed  in 
design,  and  also  that  in  many  instances  the  dry  pipe  has  been 
abandoned  for  another  device  equally  decej)tive,  without  elim- 
inating the  difficulty,  is  proof  that  none  of  the  old  methods 
were  satisfactorj'  under  all  circumstances,  and  that  a  form  of  dry 
pipe  which  might  be  suitable  in  one  case  would  not  apply  in 
another  equally'  well 

2.  I  have  no  doubt  that  many  members  in  reading  or  discuss- 
ing this  paper  can  recall  their  experience  with  priming  or 
foaming  boilers,  and  what  they  did  to  prevent  disastrous  acci- 
dents from  occurring  to  their  engines  and  other  machinery.  This 
is  an  experience  which  many  of  us  have  had. 

It  is  a  well-known  fact  that  under  certain  operating  conditions 
even  the  best  designed  boiler  is  likely  to  "  throw  water,"  or 
prime  or  foam  l>adly.  This  may  be  due  to  varioiis  causes,  which 
we  have  not  the  time  to  discuss  now,  and  frequently  is  not  due 
to  improper  construction  of  the  boiler. 

3.  The  "  Potter  "  mesh  separator  is  designed  to  prevent  the 
trouble  above  referred  to  from  occurring  within  the  boiler  itself, 

*  Presented  at  tlie  New  York  meeting  (December,  1901)  of  the  American  Society 
of  Meclianical  Engineers  and  forming  part  of  Volume  XXIII.  of  tbe  Transactions. 

\  For  previous  discussious  on  this  topic  consult  Tranmrtiont  as  follows  : 
No.  618,  vol.  xvi.,  p.  137  :  "  Description  of  Improved  Forms  of  Steam  Seiiarator, 

Steam  Jacket,  and  Reheater."    Chas.  T.  Porter. 
No.  810,  vol.  XX.,  p.  485  :  "  Test  of  a  Steam  Separator."     F.  Ij.  Emory. 
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aud  while  boilers  equipped  with  the  apparatus  may  prime  for 
various  reasons,  the  separator  makes  it  impossible  for  the  boiler 
to  "  throw  water."  The  device  is  placed  in  the  steam  space  of 
the  boiler,  aud  is  connected  in  a  manner  similar  to  a  dry  pipe, 
or  it  can  be  connected  to  the  end  of  the  dry  pipe,  aud  tlie  holes 
iu  the  latter  stopped  up. 

The  construction  of  the  separator  is  shown  in  the  half-tone 
herewith  (Fig.  159 ),  and  also  in  longitudinal  sectional  elevation 


Fig.  159. — Elevation  of  •■Potter"  Me.su  Skpahatok  with  Section  Cut 
OUT,  Showing  Interior. 

(Figs.  160  and  161),  and  consists  of  a  series  of  galvanized  or  copper 
wire  meshes  or  screens  placed  alternately  between  rings  of  cast 
iron,  there  being  generally  from  25  to  30  layers  of  mesh.  The 
area  of  the  screens  depends  on  the  size  of  the  boiler  outlet. 

After  considerable  interesting  experimental  work,  involving 
many  other  designs,  more  or  less  complicated,  the  above  con- 
struction is  found  to  fulfil  all  conditions  of  priming,  over-satu- 
rated steam,  etc.,  and  delivers  at  the  boiler  outlet  j)raefic(dJi/  dry 
steam. 

It  has  also  been  found  by  careful  experiment  that,  given  auy 
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boiler  from  which  steam  is  delivered  at  any  particular  range  of 
moisture  (with  or  witbout  "dry  jjipe"),  the  introduction  of  the 
mesh  sejoarator  iu  the  same  boiler  will  change  the  quality  of  the 


Fio.  160.— "Potter"'  Mesh  Separatob— LoxoTTTinTNAL  Section. 

steam  by  from  25  to  75  per  cent,  (making  it  drier),  and  at  the 
same  time  stop  any  priming  which  may  have  been  present. 

The  theory  on  which  the  action  of  this  separator  is  based  is, 
as  may  already  have  been  surmised,  that  the  small  globules  of 


Fig.  161.— Cross  Section. 


moisture  contained  in  the  steam  are  broken  up  by  the  first  piece 
of  mesh,  and  this  action  is  continued  through  each  successive 
layer  of  mesh  until  it  is  so  completely  atomized  upon  reaching 
the  outlet  chamber,  or  header,  that  it  flashes  into  dry  steam  upon 
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the  addition  of  a  small  amount  of  beat,  which  is  obtained  by  the 
■wire-drawing  due  to  the  steam  and  water  passing  through  the 
screens.  The  reduction  of  pressure  is  about  1  per  cent.,  and 
the  temperature  of  the  steam  is  increased  proportionately. 

The  separator  is  designed  so  that  it  can  be  placed  in  any  type 
of  boiler  which  is  equipped  with  a  manhole  of  the  usual  size 
(11  inches  by  15  inches),  and  is  held  in  position  by  one  or  more 
studs  screwed  into  the  shell  of  the  boiler.  The  connection 
between  the  outlet  of  the  separator  and  boiler  outlet  is  not  nec- 
essarily steam  tight,  nor  are  the  joints  between  the  faces  of  the 
rings  and  wire  mesh  steam  tight,  as  these  openings  are  so  small 
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Fig.  162.— Tests  of  ■' Potter"  Mesh  Sepahator. 


that  any  steam  which  leaks  through  such  spaces  is  slightly  wire- 
drawn with  the  same  result  which  occurs  to  the  steam  passing 
directly  through  the  mesh  of  the  separator.  These  small  open- 
ings on  the  lower  part  of  the  separator  also  provide  the  means 
whereby  the  entrained  water  returns  to  the  boiler  as  it  trickles 
down  the  successive  layers  of  wire  mesh. 

4.  Tests  recently  made  by  the  writer  in  a  3,000  horse-power 
electric  plant  with  and  without  the  separator  are  graphically 
shown  in  Fig.  1G"2,  together  with  water-level  readings  taken 
simultaneously  with  the  calorimeter  readings.  These  readings 
were  taken  every  minute  for  five  minutes  over  sevei'al  hours'  dura- 
tion, at  ten-minute  intervals,  and  in  plotting  the  curve  it  will  be 


THE    "  rOTTER  "    MESH   SEPABATOB   AND    SUPERHEATER.  891 

uotecl  that  the  average  readings  for  each  five  minutes  wei'e  used 
to  give  the  ordinates. 

A  Carpenter  throttling  calorimeter  was  used,  as  the  readings 
at  no  time  exceeded  21  per  cent,  of  moisture. 

5.  In  this  particular  case  the  tests  show  that  the  steam  issu- 
ing from  the  boilers  contained  371-  per  cent,  more  moisture  when 
the  separators  were  not  used  than  was  the  case  when  they  were 
used,  and  this,  notwithstanding  the  fact  that  the  water  level  in 
the  latter  instance  averaged  materially  higher  than  in  the  former. 
Before  these  separators  were  installed,  this  particular  plant  was 
frequently  troubled  with  water  in  the  engines,  but  this  difficulty 
has  entirely  disappeared ;  so  that,  as  heretofore  stated,  the  sepa- 
rators prevent  the  water  from  leaving  the  boiler,  besides  sup- 
plying a  higher  quality  of  steam. 

This  test  was  made  on  boilers  which,  as  the  curve  shows, 
would  ordinarily  furnish  a  very  fair  quality  of  steam,  and  the 
test  casts  no  reflection  on  the  makers  of  the  boilers.  If,  how- 
ever, by  applying  the  improvement  in  "  dry  pipe  "  construction, 
the  possibility  is  assured  of  keeping  the  water  in  the  boiler,  and 
at  the  same  time  increase  materially  the  quality  of  the  steam  at 
the  boiler  outlet,  then  the  plant  as  a  whole  is  improved  in  efficiency. 
There  will  be  far  less  condensation  to  take  care  of  in  such  in- 
stallations between  the  boilers  and  the  engines,  and  there  will 
also  be  eliminated  the  likelihood  of  damaged  engines,  providing, 
the  condensation  is  properly  looked  after. 

DISCUSSION. 

3Ir.  J.  J.  de  Kinder. — My  experience  with  boilers  covers  a 
period  of  over  forty  years,  and  the  best  form  of  separator  or  dry 
pipe  for  use  inside  a  boiler  is,  in  my  opinion,  no  dry  pipe  at  all. 
Notwithstanding  the  fact  that  man}'  engineers  recommend  the 
use  of  dry  pipes,  I  have  invariably  found  it  beneficial  to  throAV 
them  out.  I  cannot  agree  with  Mr.  Scheffler  that  it  is  a  well- 
known  fact  that  under  certain  operating  conditions,  even  the  best 
designed  boiler  is  likely'  to  throw  water,  or  prime  or  foam  badly. 
A  properl}^  designed  boiler,  properly  piped  and  handled,  will  not 
prime  or  foam  badly.  I  notice  that  Mr.  Scheffler,  in  paragraph  ?> 
of.  the  pamphlet,  says,  "  After  considerable  interesting  experimental 
work  involving  many  other  designs,  etc.,  the  above  construction," 
referring  to  the  "Potter"  mesh  separator,  "is  found  to  fulfil  all 
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conditions,  etc.,  and  delivers  at  the  boiler  outlet  ]:>racilcallii  dry 
steam.'' 

As  a  matter  of  fact,  I  find  that  most  water-tube  boilers  deliver 
practically  dry  steam  if  they  are  properly  handled,  and  I  can 
hardly  realize  that  Mr.  Scheffler  is  in  earnest  when  he  writes  those 
ten  lines  of  paragraph  3. 

It  would  be  verv  interesting  to  know  just  what  kind  of  experi- 
mental work  has  been  done  with  the  separator  referred  to,  and 
until  full  and  complete  data  in  this  regard  are  given  I  consider 
the  claims  made  absolutely  absurd. 

Mr.  A.  C.  'Wood. — The  tests  reported  in  Mr.  Scheffler's  paper 
are  incomplete  and  consequently  not  conclusive.  The  quantity  of 
steam  passing  through  the  dry  pipe  during  the  whole  run,  or  dur- 
ing each  period  of  fifteen  minutes,  is  not  stated  ;  the  steam  pres- 
sure is  not  noted  ;  the  kind  of  collector  nipples  used  and  the  point 
and  manner  of  attachment  of  the  calorimeter  are  not  described  ; 
the  conclusions  as  to  the  capabilities  and  value  of  the  Potter 
separator  are  bnsed  entirely  upon  the  indications  of  the  throt- 
tling calorimeter,  no  means  having  been  used  for  measuring 
absolutely  or  even  with  any  approximate  certaint\'  the  quantity 
of  steam  su]iplied  by  the  boilers.  Every  one  who  has  done 
much  experimenting  with  calorimeters  and  various  forms  of  col. 
lector  nipples  understands  the  uncertainty  and  unreliability  of 
this  means  of  obtaining  results.  The  calorimeter  itself  is  all 
right,  but  collector  nipples  can  be  made  to  give  almost  any  result 
imaginable. 

Admitting,  for  the  sake  of  argument,  that  the  results  obtained 
with  the  calorimeter  are  correct,  the  diagram  is  ratlier  too  small 
to  admit  of  accurate  deductions,  but  very  good  approximations 
can  be  made.  There  is  no  direct  relation  of  cause  and  effect 
a]>parent  in  the  lines.  For  instance,  in  the  lines  "  without  separa- 
tor" six  periods  show  moisture  decreasing  as  the  water  line  falls; 
ten  periods  show  moisture  increasing  as  water  line  falls ;  four 
periods  show  moisture  increasing  as  water  line  rises ;  and  six 
jieriods  show  moisture  decreasing  as  water  line  rises.  Twice  the 
moisture  is  at  a  minimum  when  the  water  line  shows  a  peak  or 
maximum,  but  not  once  do  peaks  in  both  occur  simultaneously. 

Vi"ith  the  separator,  six  periods  show  moisture  decreasing  with 
falling  water  line;  two,  moisture  increasing  with  falling  water 
line;  six,  moisture  increasing  with  rising  water  line;  twelve, 
moisture  decreasing  with  rising  water  line.     Again,  the  moisture 
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is  twice  at  a  minimum  wlien  water  line  shows  a  peak  ;  once,  the 
moisture  shows  a  peak  when  water  hne  is  low ;  not  once,  how- 
ever, do  peaks  occur  simultaneously.  It  would  seem  more  reason- 
able to  conclude  that  the  increase  or  decrease  in  entrainment  is 
due  to  sudden  variations  in  the  load,  and,  consequently,  in  the 
activity  of  ebullition,  rather  than  to  changes  in  the  water  line. 
It  will  be  noted  that  the  entrainment  gradually  decreased  from 
11.30  a.m.  to  1.00  P.M.;  and  from  2.30  p.m.  the  moisture  gradually 
increased,  reaching  a  maximum  about  3.15  or  3.30  o'clock  in  the 
afternoon  (on  both  days),  and  thereafter  decreased  until  i.OO  p.m., 
when  a  period  of  increased  entrainment  again  began. 

The  average  entrainment  without  the  separator  is  about  1.25 
per  cent.,  and  with  it  about  0.91  of  1  per  cent.  That  is  to  say, 
without  the  Potter  separator  each  1,000  pounds  steam  passing 
from  the  boiler  contained  12^  pounds  of  water,  and  with  the 
separator  9.1  pounds  of  water.  Mr.  SchefHer  tells  us  that  this 
increase  in  dryness  was  obtained  with  only  1  per  cent,  loss  in 
pressure ;  in  fact,  that  1  per  cent,  represents  the  loss  under  the 
general  conditions  of  practice. 

If  the  "small  amount  of  heat"  to  efTect  this  drying  of  the 
steam,  i.e.,  the  evaporation  of  3.4  pounds  of  water  be  obtained  by 
wiredrawing,  this  heat  must  then  be  abstracted  from  the  whole 
amount  present  in  the  steam  as  it  is  made  and  passes  through  the 
separator.  Let  us  consider  two  cases,  one  with  steam  pressure  at 
200  pounds,  the  other  at  100  pounds.  The  1,000  pounds  of  steam 
are  actually  composetl  of  9S7..5  pounds  steam  and  12.5  pounds  water, 
which  latter,  no  doubt,  has  the  heat  due  to  the  pressure.  The  total 
heat  of  the  steam  is,  res|3ectively,  1,200.2  and  1,18-4.5  heat  units,  and 
of  the  water  3G0.9  and  308.6  heat  units  per  pound.  We  have, 
therefore,  in  1,000  pounds  of  the  moist  steam,  respectively,  1,189,- 
709  and  1,173,551  heat  units. 

If  by  a  further  refinement  of  this  wire-drawing  action  we  could 
evaporate  all  the  entrained  water,  we  would  have  heat  enough 
present  to  give  us  1,000  pounds  of  dr}^  steam  at,  respectively,  129 
pounds  and  54.5  pounds  pressure;  i.e.,  the  conversion  by  wire- 
drawing would  cost  us  a  loss  of  71  pounds  pressure  for  steam  at 
200  pounds  and  of  45.5  pounds  for  steam  at  100  pounds  pre.ssure. 

But  the  case  as  presented  only  shows  3.4  pounds  of  water  wire- 
drawn into  steam ;  i.e.,  9.1  pounds  remain  entrained  in  the  1,000 
pounds  of  steam.  These  9.1  pounds  contain,  respectively.  3,284 
and  2,80S  heat  units  which  we  must  deduct  from  the  total  store 
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for  each  pressure,  leaving  us,  respectively,  1,180,425  and  1,170.743 
lieat  units  for  the  remaining  990. i>  ))ounds  of  dry  steam.  Tliis  dry 
steam  then  has  1,197.3  and  1,181.5  heat  units  at  the  result- 
ant pressures  corresponding  to  180  and  SO  pounds.  An  allow- 
ance must,  of  course,  be  made  for  the  reduced  heat  of  the  liquid, 
^vhich,  however,  only  brings  these  pressures  up  to  181  pounds 
and  80^  pounds.  At  the  higher  pressure,  therefore,  the  loss  is  19 
pounds;  at  the  lower,  13i  pounds;  or,  respectively,  9.5  and  13.5 
])er  cent,  instead  of  1  per  cent. 

But  the  statement  is  made  that  25  per  cent,  to  75  per  cent,  of 
the  moisture  can  be  eliminated  b}'  this  separator.  Let  us  try  results 
at  50  per  cent,  of  the  12.5  pounds  which  we  find  from  the  chart ; 
i.e.,  on  Gj  pounds  of  water.  We  would  then  have  Gj  pounds 
entrained  water  remaining  in  1,000  pounds  of  steam  supplied  from 
the  boiler,  which  water  -would  contain  2,25G  and  1,929  heat  units 
at  the  two  assumed  pressures,  respectively.  Deducting,  as  before, 
these  quantities  from  the  total  store  of  heat  in  1,000  pounds  of 
moift  steam,  we  have,  respectively,  1,187.453  and  3,171,022  heat 
units  as  the  heat  contained  in  the  993.5  pounds  of  dry  steam  after 
wire-drawing  through  the  separator;  or,  say  1,195.2  and  1,179.3 
heat  units  per  pound,  representing  dry  steam  at  106  and  76  jiounds 
pressure  after  making  allowances  for  heat  and  liquid.  The  losses 
in  pressure  to  reduce  the  percentage  of  moisture  from  1^  per  cent, 
to  I  of  1  per  cent  would,  therefore,  be  34  pounds  and  24  pounds, 
or  17  and  24  per  cent.,  respectively,  for  steam  at  200  and  100 
pounds  boiler  pressure. 

The  conclusions  are  inevitable : 

First.  The  higher  the  pressure  in  the  boiler  the  less  will  be  the 
percentage  loss  in  pressure  to  affect  the  diying  or  superheating  of 
the  steam. 

Second.  To  effect  even  a  small  reduction  in  the  entrainraent,  the 
loss  in  pressure  would  be  too  serious  to  be  countenanced  and  would 
lead  to  awkward  complications.  This  is  no  fault  of  the  separator, 
but  one  of  the  inherent  conditions  of  the  problem. 

Third.  Sudden  demands  for  steam  could  not  be  met,  as  the 
pressure  in  the  steam  main  must  fall  rapidly,  and  the  more  effective 
the  separator  the  surer  the  i-esult. 

Prof.  John  H.  Barr. — It  is  to  be  regretted  that  the  author 
of  this  paper  does  not  give  us  more  data  of  tests  conducted  with 
the  device  described  in  his  paper.  It  is  possible  that  tests  on 
boilers  which  prime  considerably  more  than  those  reported  might 
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make  a  much  better  showing ;  but  the  results  reported  in  this 
paper  do  not  indicate  a  very  remarkable  perfoi'mance,  and  there 
seems  to  be  Httle  justification  for  designating  this  device  as  a 
superheater. 

It  is  stated  that  this  separator  is  based  upon  the  theory  "that 
the  small  globules  of  moisture  contained  in  the  steaui  are  broken 
up  by  the  first  mesh,  and  this  action  is  continued  through  each 
successive  layer  of  mesh  until  it  is  completely  atomized  upon 
reaching  the  outlet  chamber,  or  header;  that  it  flashes  into  dry 
steam  upon  the  addition  of  a  small  amount  of  heat,  which  is  ob- 
tained by  wire-drawing  due  to  the  steam  and  water  passing 
through  the  screens.  The  reduction  of  pressure  is  about  1  per 
cent.,  and  the  temperature  of  the  steam  is  increased  proportion- 
ately." It  seems  probable  that  much  of  the  water  broken  up  by 
striking  the  screens  will  be  carried  on  by  the  current  of  steam, 
simply  as  a  larger  number  of  smaller  globules,  before  it  can  trickle 
down  the  screen  surface  to  the  drips  at  the  bottom  of  the  chamber. 
However  finely  divided,  all  of  the  original  moisture,  except  the 
portion  which  escapes  at  the  bottom  or  is  evaporated  by  heat,  re- 
mains in  the  current  as  water. 

The  improvement  in  the  quality  of  the  steam  by  wire-drawing 
equivalent  to  a  reduction  of  pressure  of  1  per  cent,  is  verv  small. 
If  the  steam  pressure  in  the  boiler  is  150  pounds  per  square  inch, 
a  reduction  by  wire-drawing  of  1  per  cent.,  or  of  1.5  pounds  per 
square  inch  of  pressure,  can  only  evaporate  about  .035  of  1  per 
cent.;  a  quantity  too  small  to  be  determined  by  observation. 
Furthermore,  the  method  is  wasteful,  so  far  as  it  goes.  Any 
supei'heating,  if  accomplished  at  all,  would  be  at  the  expense  of 
an  excessive  reduction  of  pressure  ;  hence  of  considerable  loss  of 
available  energv  at  the  engines.  The  temperature  of  the  steam 
is  decreased,  rather  than  increased,  by  wire  drawing. 

It  is  stated  that  the  introduction  of  the  mesh  separator  will 
change  the  quality  of  the  steam  by  from  25  to  75  per  cent.  The 
graphical  log  of  the  tests  shows  about  1.25  per  cent,  of  moisture 
without  the  separator,  and  about  |  of  1  per  cent,  with  the 
device;  or  about  .7  as  much  moisture  with  as  without  the  device. 
This  is  understood  to  correspond  to  an  improvement  in  quality  of 
about  30  per  cent.,  according  to  the  above  mentioned  peculiar 
manner  of  expressing  the  performance  of  this  separator.  The  or- 
dinary standard  of  quality  would  give  the  improvement  as  | 
of  1  per  cent.;  since  the  Cjualit}'  without  the  device  is  98.75,  and 
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Avitli  the  device  it  is  90.125  per  cent.  The  amount  of  moisture 
removed  from  the  steam  divided  by  the  amount  presumabl}'  deliv- 
ered to  the  separator  by  the  boiler  is  .30,  or  the  efficiency  of  the 
device  is  30  per  cent.  No  doubt,  the  efficiency  of  this  separator 
might  be  better  with  steam  containing  more  initial  moisture;  be- 
cause the  best  that  any  purel}'  mechanical  action  can  accomplish 
is  to  deliver  the  steam  pi-actically  dry.  The  thermal  effect  due  to 
wire-di-a\ving  may  completely  dry  the  steam,  or  possibly  super- 
heat it,  but  only  by  delivering  it  at  a  pressure  lower  than  that  of 
the  initially  wet  steam.  The  relation  between  the  drying  or  the 
superheating  and  the  loss  in  pressure  is  perfectly  definite,  and 
cannot  be  effected  by  any  peculiar  structure  of  the  throttling  de- 
vice. The  use  of  an  extremely  small  steam  pipe  is  one  way  to 
secure  this  result. 

Tests  made  by  Professor  Carpenter  on  other  separators,  several 
years  since,  showed  efficiencies  of  about  -±5  per  cent,  with  steam 
initially  containing  2  percent,  of  moisture.  With  13  per  cent,  of 
initial  moisture,  one  separator  delivered  steam  having  only  1.2  per 
cent,  moisture ;  or,  according  to  the  standard  used  b}-  Mr.  Sciieffler, 
the  "quality"  was  improved  1,100  per  cent.  Professor  Carpen- 
ter's result  of  45  per  cent,  efficiency  with  2  per  cent,  initial  moist- 
ure corresponds  to  .9  of  1  per  cent,  final  moisture.  The  action 
of  the  "Potter"  separator  in  delivering  steam  with  |  of  1  per 
cent,  moisture  from  steam  initially  containing  1.25  per  cent.,  con- 
stitutes a  performance,  I  should  judge,  not  very  much  better  or 
Avorse  than  that  observed  by  Professor  Carpenter  with  2  ])er  cent, 
initial  moisture.  However,  with  only  about  1  ]ier  cent,  of  moist- 
ure to  be  removed,  the  best  of  separators  cannot  accomplish  a 
great  saviug,  and  the  merits  of  the  device  under  consideration 
would  be  best  brought  out  by  tests  conducted  under  different  con- 
ditions. 

It  seems  probable,  as  claimed,  that  the  "  Potter  "*  mesh  separa- 
tor may  prevent  throwing  of  water  in  large  masses,  and  it  may 
be  very  effective  for  this  purpose  if  conditions  are  such  that  this 
action  is  apt  to  occur.  The  projjer  position  for  a  separator  which 
is  installed  to  eliminate  diffused  moisture  would  seem  to  be  near 
the  engine,  rather  than  inside  of  the  boiler,  for  when  placed  at 
the  engine  end  of  the  steam  pipe  it  can  remove  moisture  resulting 
from  condensation  in  the  pipe  as  well  as  that  due  to  priming  of  the 
boiler. 

3lr.  Daniel  Ashworth. — I    have   very  little   to  say  upon  this 
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paper.  I  think  Mr.  de  Kinder  liiis  used  almost  the  same  phrase- 
ologj'  in  which  I  would  express  my  ideas. 

I  maintain  this  point,  and  having  had  experience  with  a  large 
number  of  boilers  in  this  special  line  of  work,  I  have  almost  made 
it  a  cardinal  point  in  direct  contradistinction  to  this  sentence  that 
the  best  designed  boiler  is  likely  to  "  throw  water,"  or  prime  or 
foam  badly.  I  take  issue  upon  that  claim  right  squarely.  A  well- 
designed  boiler  with  properly  proportioned  steam  space  will  not 
prime  or  throw  water  badly.  I  am,  from  ray  experience,  comjielled 
to  saj'  that  the  placing  of  any  attachment  within  a  boiler  is  radi- 
cally wrong.  We  have  enough  in  the  boiler  without  placing  within 
it  a  complication,  or  a  piece  of  mechanism,  or  a  trap,  or  any  other 
device.  For  what  it  has  to  do  the  boiler  is  sufficient  as  it  stands, 
if  a  well-designed  boiler.  Anything  outside  of  that  to  accomplish 
or  eliminate  any  factors  that  may  be  developed,  we  want  placed 
outside. 

Therefore,  I  wish  to  say  that  a  boiler,  properly  designed  for  the 
specific  work  for  which  it  is  made,  will  not  prime,  or  throw  water. 
About  this  claim  in  paragraph  4  that  the  priming  at  no  time 
exceeded  2^  per  cent.,  well,  my  dear  friend  is  very  modest  in 
his  claims ;  in  the  legion  of  tests  which  I  have  made  it  is 
a  long  time  since  I  have  met  with  2^  per  cent,  of  moisture, 
and  if  my  report  contained  that  I  would  make  a  note  that  the 
moisture  was  excessive  and  not  considered  first  class. 

Prof.  D.  S.  Jacobus. — Mr.  SchefHer  has  been  unfortunate  in 
presenting  a  theory  for  the  action  of  the  separator  described  in 
his  paper  which  will  not  apply  where  the  amount  of  water  is  as 
great  as  that  usually  met  with  in  the  priming  of  boilers,  and  he 
has  also  been  misled  by  tests  which  do  not  prove  what  he  intended 
they  should.  The  title  of  his  paper  is  also  an  unfortunate  one,  as 
the  apparatus  which  he  describes  cannot  superheat  the  steam  to 
any  extent  unless  there  is  an  excessive  loss  of  pressure,  and  it  should 
be  classed  simply  as  a  separator,  and  not  as  a  separator  and  super- 
heater. 

I  feel  that  Professor  Barr  specified  what  may  be  the  true  func- 
tion of  the  separator  when  he  said  that  it  seems  probable  that  the 
"Potter"  mesh  separator  may  prevent  the  throwing  of  water  in 
large  masses,  and  I  wish  to  a<kl  tiiat  should  this  be  so,  the  separa- 
tor would  be  efficient  for  all  ordinary  cases  of  priming,  because, 
ordinarily,  the  water  passing  from  a  boiler  along  with  the  steam 
is  thrown  from  the  boiler  intermittently,  and  where  the  priming 
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might  give  trouble  it  is  carried  with  the  steam  in  comparatively 
large  masses. 

In  my  experience  in  determining  the  quality  of  the  steam  leav- 
ing boilers,  I  have  not  met  a  case  where,  should  there  be  prim- 
ing, the  amount  was  uniform,  or  approximately  so.  I  have  ob- 
tained results  with  calorimeters  which  indicated  an  approximately 
uniform  amount  of  priming,  but  either  this  disappeared  on  making 
the  proper  corrections  for  the  radiation  and  the  steam  was  found 
to  be  dry,  or  it  was  found  that  moisture  was  blown  from  some 
surface  so  as  to  be  sprayed  on  the  calorimeter  nozzle.  Where 
priming  has  occurred  in  boilers  in  my  tests  the  readings  of  the 
calorimeter  would  var}^  greatly,  the  calorimeter  during  certain 
intervals  indicating  considerable  moisture  and  at  other  times  dry 
steam,  which  shows  that  where  there  is  priming  the  steam  carries 
masses  of  water  intermittently  from  the  boilei',  and  that  it  does 
not  carry  the  water  uniformly  in  the  form  of  mist.  This  refers  to 
the  ordinary  priming  of  a  boiler  such  as  a  separator  of  good  con- 
struction will  handle  when  placed  on  the  steam  main. 

There  is  another  and  more  severe  class  of  priming  where  the 
water  appears  to  foam  up  in  the  boiler  and  to  be  carried  in  a 
foaming  condition  from  the  boiler.  This  class  of  priming  occurs 
but  seldom,  and  when  it  does  occur  is  of  such  a  severe  character 
as  to  call  for  special  action  on  the  part  of  the  engineer  and  lire- 
man.  It  is  questionable  whether  any  of  the  ordinary  separators 
will  be  efficient  when  this  class  of  priming  occurs. 

For  ordinary  cases  of  priming,  where,  as  I  have  explained,  the 
water  is  thrown  from  the  boiler  at  intervals  along  with  the  steam, 
it  is  possible  that  the  "Potter"  mesh  separator  may  be  efficient 
through  checking  the  velocity  of  the  mass  of  water,  conducting  it 
by  a  clinging  action  along  the  surface  of  the  various  screens  to  the 
bottom  of  the  separator,  and  finally  back  to  the  boiler. 

Statements  have  been  made  by  previous  speakers  that  properly 
designed  boilers,  properly  piped  and  handled,  will  not  prime  or 
foam  badly.  That  is  true  in  a  certain  sense ;  nevertheless,  I  have 
met  cases  where  priming  occurred  in  well-set  standard  types, 
such  as  horizontal  tubular  boilers,  and  where  the  plants  were  in 
charge  of  capable  engineers. 

The  statement  has  also  been  made  that  one  who  has  done  much 
experimenting  M'ith  calorimeters  and  various  forms  of  collector 
nozzles  understands  the  uncertainty  and  the  unreliability  of  the 
results.     This  is  so,  if  b}'  results  is  meant  the  exact  percentage  of 
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moisture  in  the  steam.  It  is  impossible,  as  I  have  claimed  many 
times  before  this,  to  accurately  glean  an  average  sample  of  steam 
from  a  steam  main  by  means  of  the  usual  perforated  collecting 
nozzle.  A  calorimeter  may  be  made  to  indicate  the  correct  amount 
of  moisture  in  the  steam  passing  through  it,  but  we  cannot  make 
sure  that  the  steam  and  water  passing  through  it  is  a  correct 
average  of  all  the  steam  and  water  flowing  thi'ough  the  main. 
We  can  show  with  a  throttling  calorimeter  in  connection  with 
its  collecting  nozzle  whether  the  steam  passing  through  the  main 
is  dry  or  wet,  but  if  wet  we  cannot  determine  the  exact  amount 
of  moisture  in  the  total  mass  of  steam. 

The  limit  of  accuracy  of  the  throttling  calorimeter  in  connection 
with  its  collecting  nozzle  does  not  warrant  the  comparison  which 
Mr.  Scheffler  has  made  of  the  results  of  his  two  sets  of  tests. 
As  he  has  said  nothing  about  making  corrections  for  radiation, 
and  for  any  error  in  the  reading  of  the  calorimeter  thermometer, 
and  as  the  amount  of  priming  indicated  by  his  tests  is  quite  uni- 
form, I  think  it  probable  that  if  such  corrections  had  been  made 
the  average  results  of  each  of  his  two  tests  would  have  indicated 
dry  steam.  In  using  calorimeters  where  the  steam  is  dry  and 
where  there  are  variations  in  the  steam  pressure,  the  percentage 
of  priming  indicated  by  each  separate  set  of  readings  will  vary, 
those  for  increasing  being  higher  than  those  for  decreasing  pres- 
sures. This  action  probably  caused  the  variations  found  in  Mr. 
Scheffler's  tests.  The  percentage  of  priming  should  not  be  com- 
pared simply  with  the  water  levels,  as  Mr.  Wood  has  done. 

The  third  conclusion  drawn  by  Mr.  Wood,  that  sudden  demands 
for  steam  could  not  be  met  with  the  "  Potter  "  mesh  separator, 
may  be  a  point  in  its  favor ;  for,  as  is  well  known,  severe  cases  of 
priming  ma\'  be  caused  by  a  sudden  drain  of  steam  from  a  boiler. 

Mr.  Scheffler* — It  is  interesting  to  note  that  whatever  criti- 
cisms may  have  been  made  as  to  the  theory  on  which  this  separa- 
tor does  its  work,  none  of  the  parties  partaking  in  the  discussion 
denies  the  fact  that  it  does  or  can  prevent  water  from  leaving  the 
boiler  in  case  of  priming  or  foaming,  and  this  is  reallv  the  pith 
of  the  whole  matter  and  the  prime  reason  for  the  existence  of 
this  separator,  as  I  understand  it.  AYhether  the  benefit  is  derived 
mechanically  or  by  wire-drawing,  it  is  still  a  theoretical  question 
as  to  Just  how  the  work  is  done. 

*  Author's  closure,  under  the  Rules. 
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]\[i'.  de  Kiiuler  is  to  be  congratulated  if  in  all  his  varied  experi- 
ence he  lias  had  no  trouble  with  "properly  designed  boilers." 
lie  is  one  of  a  thousand  if  he  has  had  the  fortune  to  miss 
such  an  opportunity  to  show  to  what  extremes  he  would  resort 
in  order  to  prevent  priming  in  such  a  boiler;  for  such  cases  (7o 
occur,  and  my  testimony  can  be  substantiated  by  hundreds  of  the 
best  consulting  and  mechanical  engineers  in  this  country.  Per- 
sonally, I  have  known  of  two  boilers,  both  properly  designed  and 
exactly  similar  in  all  respects,  and  apparentl}^  operated  under  the 
same  conditions;  but  one  would  "throw  water,"  and  the  other 
would  not.  The  "  personal  equation  "  represented  by  the  fireman 
has  a  great  deal  to  do  with  such  nmtters,  no  doubt,  and  the  best 
boiler  may  give  trouble  with  such  an  element  to  contend  with. 
I  maintain  that  it  is  better  to  equip  the  boiler  in  such  a  way  that, 
in  case  of  careless  handling,  bad  water,  or  any  other  causes  which 
make  boilers  prime  or  give  wet  steam,  it  will  be  impossible  for 
tiie  macliinery  operated  by  the  boiler  to  be  damaged. 

Tlie  aljove  remarks  will  also  apply  to  Mr.  Ashworth's  discus- 
sion ;  but  I  will  call  his  attention  to  a  statement  made  by  Mr. 
Wm.  Kent  and  others  at  the  New  York  meeting,  1895,  that 
commercially  dry  steam  contains  about  3  per  cent,  of  moisture. 
(Sec  Volume  XVII.,  Transactions,  American  Society  of  Mechani- 
cal Engineers,  page  194.) 

Referring  to  Mr.  A.  C.  Wood's  discussion,  I  would  state  that 
the  reduction  in  steam  pressure,  as  calculated  by  him,  due  to  the 
wire-drawing,  is  prevented  by  the  fact  that  the  opening  or  area 
in  cacli  wire  screen  is  considerably  larger  than  the  area  of  the 
steam-pipe  outlet. 

The  name  "superheater"  was  given  hy  the  engineer  who 
designed  this  separator  principally  to  distinguish  it  from  the 
ordinary  steam-pipe  line  separators,  from  which  it  is  totally 
different  in  operation,  construction,  and  location.  When  a  boiler 
primes  or  "  tiirows  water,"  no  line  separator  as  now  designed  can 
take  care  of  the  water  fast  enougii  to  prevent  damage  to  the 
machinery. 

With  reference  to  the  discussion  by  Messrs.  Wood,  Barr,  and 
Jacobus,  I  would  say,  that  while  I  referi-ed  in  my  paper  to  the 
superheating  effect  produced  by  the  separator,  in  ]-)ractice  very 
little  is  claimed  on  this  point.  Mr.  AVood,  in  the  third  paragraph 
of  his  conclusion,  and  Professor  Jacobus,  in  his  criticism  of  the 
same,  between  them  give  the  real  cause  for  the  effectiveness  of 
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the  separator,  only  it  should  be  reiiieiiibei'ed  tliat  the  action  re- 
ferred to  takes  place  not  only  when  the  boiler  is  suddenly  called 
upon  for  more  power,  but  at  the  commencement  of  every  stroke 
of  the  piston.  Pi'ofessor  Barr,  also,  in  his  conclusion,  says  that  the 
se])arators  ma\'  prevent  the  throwing  of  lai'ge  masses  of  water. 
This  I  know  to  be  the  fact  after  considerable  experience  with 
these  separators.  It  is  the  chief  claim  made  for  the  separator, 
and  gives  a  positive  assurance  against  accident.  Piofessor  Barr, 
in  the  latter  part  of  his  conclusion,  suggests  that  the  right  place 
for  a  separator  is  near  the  engine,  in  order  to  intercept  tlie  con- 
densation in  the  piping. 

I  would  point  out  that,  should  a  boiler  prime,  the  water  thus 
passed  through  the  steam  pipe  abstracts  heat  from  the  steam  and 
causes  a  further  precipitation  of  water.  With  inhially  dry 
steam  the  condensation  in  a  properly  covered  pipe  is  practically 
zero. 
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Francis  H.  Boyer,  Chairman  of  Local  Committee. 
RoBT.  S.  Hale,  Secretary  "  " 

C.  J.  H.  Woodbury,   Treasurer         "  " 

Gaetano  Lanza,   Chairman  Sub-Committee  on  Meetings. 
Wm.  Lee  Church,        "  "  "    Entertainment. 

W.  W.  Bird,  "  "  "    Finance. 

Geo.  H.  Stoddard,       "  "  "    Excursions. 

Mrs.  F.  H.  Boyer,  Cluiirman  Ladies'  Reception  Committee. 

The  members  of  the  Society,  resident  in  Boston  and  the  eastern 
part  of  Massachnsetts,  had  been  for  some  months  in  active  prepa- 
ration for  the  holding  of  the  Spring  Meeting  of  1902  in  the  city  of 
Boston. 

A  very  large  committee  composed  of  members  of  the  Society 
in  and  around  Boston  had  been  early  formed,  and  they  had  made 
active  preparations  for  the  reception  of  the  Society.  They  had 
made  known  their  desire  to  the  Council  at  an  early  day,  and  the 
Council,  in  accordance  with  its  policy  to  render  its  decision, 
selected  Boston  pursuant  to  the  desire  of  the  resident  members. 
The  last  convention  of  the  city  of  Bo.ston  had  been  held  in  No- 
vember, 1885,  at  which  time  the  membershi])  of  the  Society  was 
605,  and  there  were  130  members  in  attendance. 
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In  1902  the  membership  had  become  2,458,  and  the  attendance 
of  members,  ladies,  and  guests  exceeded  863,  of  which  375  were 
enrolled  members. 

Some  pride  was  taken  by  the  Boston  membership  in  the  fact 
that  this  enrollment  was  the  largest  in  the  history  of  the  Society, 
and  surpassed  even  the  best  record  of  attendance  at  the  annual 
meetings  in  New  York  City. 

The  sessions  for  the  reading  of  papers,  and  the  headquarters 
for  the  transaction  of  convention  business  were  in  the  rooms  of 
the  Department  of  Mechanical  Engineering  of  the  Massachusetts 
Institute  of  Technology,  on  the  second  floor  of  the  building  known 
as  "  Engineering  B." 

The  drawing  tables  had  been  removed  from  one  of  the  larger 
rooms,  which  served  as  an  auditorium  for  the  reading  of  papers, 
and  sj^ecial  rooms  were  furnished  also  for  the  use  of  the  visiting 
ladies  and  the  Ladies'  Committee  of  residents.  The  President  of 
the  Institute,  and  the  Professor  of  Mechanical  Engineering  and 
his  associates,  left  no  effort  unmade  to  make  the  meeting  a  success 
upon  its  administrative  side.  The  members  were  accommodated 
in  the  Hotel  Brunswick  and  in  the  other  hotels  in  the  neighbor- 
hood of  Copley  Square. 

The  opening  session  was  held  in  Huntington  Hall  of  the  Rogers 
Building  of  the  Institute,  on  Boylston  Street  at  9  p.m.  May  27th. 

President  Henry  Pritchett  of  the  Massachusetts  Institute  of 
Technology  was  in  the  chair,  and  on  the  platform  with  him  were 
the  Past  Presidents  of  the  Society,  the  members  of  the  Council, 
and  Mr.  George  A.  Kimball,  President  of  the  Boston  Society  of 
Civil  Engineers. 

Mr.  Francis  H.  Boyer,  Chairman  of  the  Committee  of  Arrange- 
ments, welcomed  the  Society  on  behalf  of  his  associates,  and  in- 
troduced the  speakers. 

It  was  a  source  of  keen  regret  that  the  President  of  the  Society, 
Mr.  Edwin  Reynolds  of  Milwaukee,  was  prevented  by  ill-health, 
and  a  combination  of  other  circumstances,  from  being  present  at 
the  meeting.  His  place  at  the  opening  session  and  at  all  the 
other  meetings  was  taken  by  Vice-President  James  M.  Dodge. 

After  the  addresses  the  members  adjourned  to  the  library  of  the 
Rogers  Building  on  the  floor  below,  where  a  reception  was  held 
by  Dr.  Pritchett,  Mr.  Tvimball,  Mr.  Boyer,  Mr.  Dodge,  Mr. 
Church,  and  their  ladies,  after  which  a  collation  was  served,  and 
the  meeting  became  a  social  reunion. 
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Second  Session.    Wednesday  Morning,  Mat  28th. 

Vice-President  Dodge  called  the  secoud  session  to  order  for  the 
transaction  of  business  at  ten  o'clock  in  the  meeting  room  of 
Engineering  Building  B  of  the  Massachusetts  Institute. 

In  calling  the  meeting  to  order  the  Chairman  asked  an  expres- 
sion of  opinion  from  the  members  on  the  question  whether  the 
general  desire  was  that  the  rules  formulated  some  years  ago, 
whereby  a  i^resentation  by  any  one  member  of  oral  discussion  on 
a  paper  should  be  limited  to  iive  minutes  should  be  enforced,  and 
stated  that  these  rules  had  not  been  enforced  in  recent  years 
because  many  participants  in  debate  had  seemed  disinclined  to 
abide  by  them.  If  the  discussion  had  been  elaborately  prepared 
and  rediiced  to  writing,  the  limit  would  be  ten  minutes;  but  any 
member  might  give  his  time  to  another  in  a  debate  if  in  his  opinion 
the  interest  and  importance  of  the  discussion  should  warrant  this 
procedure. 

On  putting  the  question  to  the  meeting,  it  was  unanimously 
voted  that  the  rules  limiting  the  time  of  debate  should  be  re- 
garded. The  Chairman  said  that  he  would  have  his  watch  before 
him  and  on  the  expiration  of  the  time  limit  he  would  rap  upon  the 
table,  and  he  trusted  that  no  one  would  misunderstand  or  would 
be  offended  if  no  exception  was  made  in  his  case. 

The  first  order  of  business  was  the  Report  of  Tellers,  presenting 
the  action  of  the  membership  vipon  the  candidates  seeking  elec- 
tion in  advance  of  the  Boston  meeting.  Their  report  was  as 
follows : 

REPORT   OF   tellers. 

The  undersigned  were  appointed  a  committee  of  the  Council 
to  act  as  tellers,  under  Article  11  of  the  Rules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  the  candidates  proposed  for 
membership,  in  their  several  grades,  in  the  American  Society  of 
Mechanical  Engineers  and  seeking  election  before  the  XLVth 
meeting,  Boston,  Mass.,  1902. 

They  met  upon  the  designated  day  in  the  office  of  the  Society, 
and  have  proceeded  to  the  discharge  of  their  duties.  They  would 
certify  for  formal  insertion  in  the  records  of  the  Society  to  the 
election  of  the  following  persons,  whose  names  appear  on  the 
appended  Ust,  in  their  several  grades. 
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There  were  556  pink  ballots  cast,  of  which  8  were  thrown  out 
becatisc  of  informalities.  The  tellei's  have  considered  as  informal 
a  ballot  which  was  not  endorsed. 


Baker,  William  E. 
Bannister,  Jno.  C. 
Blood,  Chas.  W.  H. 
Blossom,  Francis. 
Brock,  Walter  Irving. 
Bulklej',  Joseph  N. 
Bunting,  Dougla.s. 
Caldwell,  George  B. 
Chambers,  Frank  G. 
Chase,  Charles  H. 
Church,  Wilmer. 
Clegg,  Robert  I. 
CoUett,  Samuel  D. 
Cook,  J.  F. 
Davenport,  R.  W. 
Davis,  Francis  H. 
Dillon,  Frederick   N. 
Dinkey,  A.  C. 
Eynon,  Thomas  M. 


C.  W.  Hunt,     1 

D.  S.  Jacobus,    \ 

C.    H.    CORBETT,   [ 

A.  M.  WArrT,    J 

As  Members. 

Farrar,  Charles  O. 
Furman,  Franklin  De  R. 
Green,  Thomas  W. 
Gridley,  George  O. 
Hildreth,  W.  A. 
Hiller,  N.  H. 
Hodgkinson,  Francis. 
Hosmer,  Sidney. 
Jenks,  Richard  P. 
Kennedy,  J.  J. 
Kirton,  Walter. 
Landon,  A.  Archer. 
Lawrence,  Schuyler. 
Leeds,   Pulaski. 
Linch,  Edward  P. 
Ludlow,  Charles  G. 
Lyons,  James  W. 
McFarland,  A.  R. 
Mcintosh,    William. 


Tellers  of  Election. 


MacCord,  Charles  W. 
Moore,  L.  C. 
Moultrop,  I.  E. 
Orrok,  George  A. 
Pinkerton,  Andrew. 
Porter,  Arthur  T. 
Porter,  H.  Hobart,  Jr. 
Roche,  John  A. 
Roe,  Walter  E. 
Scott,  Clarence  N. 
Sells,  Osborn  P. 
Smith,  Allen  C. 
Smith  Augustus. 
Threlfall,  William  V. 
Tracy,  Theron  H. 
^'aughan, Charles  Alfred. 
Whittemore,  John  R. 
Whyte,   Frederic  M. 
Whyte,  John  S. 


Abell,  H.  C. 
Baldwin,  Abram  T. 
Barnes,  S.  G. 
Boenig,  Robt.  W. 


Promotion  to  Full  Membership. 


Burnham,  Harry  A. 
Cowan,  Freeman  B. 
Crosby,  William  W. 
Eberhardt,  Fred.  L. 


Bo^vman,  Frankhn  M.  Mason,  Daniel  A. 


Robinson,    Edward. 
Shepard,  F.  E. 
Towne,  Frederick  T. 
Worden,  Euclid  P. 


Ackerman,  William  W. 
Chase,  F.  A. 
Fickes,  Edwin  Stanton. 
Hanson,  Walter  S. 
Hill,  Walter  L. 
Hughes,  Edward  F. 


A    Associates. 

Kaufman,    Emanuel. 
Krehbicl,  Frederick  A. 
McClaughry,  C.  C. 
Merrill,  Frank  A. 
Pearson,  Hiram. 
Reeder,  N.  S. 


Russell,  William  H. 
Sharpe,   Liician   D. 
Sherman,   Charles  K. 
Viall,  William  A. 
Waite,   Edward   B. 


Promotion  to  .Associate  Membership. 
Griess,  Justin,  Jr. 
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As  Juniors. 


Austm,William  Sumner. 
Baldmn,  George  M. 
Bradenbaugh,  Frank  E. 
Braman,  Samuel  X. 
Brown,  Dickson  Q. 
Buffum,  Frederick  D. 
Case,  Willard  L. 
Clark,  Walter  Lemuel. 
Collins,  Fred. 
Da_v,  Charles. 
Dodge,  Kern. 
DuBourg,  Henry  H. 
Farmer,  John  T. 
Faulks,    James    B.,    Jr. 
Forbes,  H.  C. 
Garcelon,  Charles  A.,  Jr. 
Goldie,  Alexander  R. 


Gump,  Walter  B. 
Hall,   Rodney  D. 
Hampson,  C.  M. 
Hardy,  Carl  E. 
Harris,   Clifford   R. 
Harwood,   Charles  F. 
Haj'ward,  Elmer  L. 
Jett,  Carter  C. 
Johnson,   William  M. 
Kavanaugh,  William  H. 
Kutter,  Herman  L. 
Lewis,  Arthur  Schultz. 
Libby,  Malcolm  M. 
McGowan,  Francis  X. 
Mayer,  L.  G.  C. 
Metz,  Walter  R. 


Oliphant,  J.  Norris 
GUver,  E.  C. 
Parish,  William  F. 
Potter,  H.  W. 
Price,  Norman  I. 
Reynolds,  John  P., 
Robinson,   G.   P. 
Rooney,  PhiUp  P. 
Schenck,  Charles,  Jr. 
Shchter,  Walter  I. 
Stovel,   Russell  W. 
Streeter,  Lafaj-ette  P 
Terry,  Charles  D. 
Thorp,  Frederick  P. 
Whipple,  Eugene  B. 
Zimmerman,  W.  H. 


Jr 


This  was  the  only  formal  business  listed  upon  the  docket,  and 
at  its  close  the  Chairman  announced  that  new  business  was  in 
order. 

The  Secretary  read  an  invitation  from  Prof.  Edgar  Marburg, 
Secretary  of  the  American  Section  of  the  International  Associa- 
tion for  Testing  Materials,  inviting  the  members  interested 
in  these  subjects  to  attend  the  Fifth  Annual  Meeting  of  that  body 
at  Atlantic  City,  June  12th,  13th,  and  lith.  Xo  action  was  taken 
on  this  invitation  beyond  its  public  annoimcement. 

The  following  resolution  was  then  presented  by  Mr.  F.  J. 
Miller  in  the  form  of  a  notice  to  amend  the  Rules  by  bringing 
up  this  resolution  as  an  amendment  to  be  considered  at  the  annual 
meeting  in  December.    Mr.  Miller's  resolution  was  as  follows : 

Resolved,  That  these  Rules  may  be  amended  by  a  letter-ballot,  at  any  annual 
meeting  by  the  assent  of  two-thirds  of  the  members  voting,  pro%'ided  that 
written  notice  of  the  proposed  amendment  shall  have  been  given  at  the  preceding 
regular  meeting,  and  that  a  blank  ballot,  accompanied  by  the  mover's  reasons 
for  the  change,  if  he  desires,  and  a  comment  on  the  same  by  the  Council,  if  it 
so  elects,  shall  have  been  mailed  to  each  member  entitled  to  vote,  not  later  than 
the  time  of  mailing  the  ballot  for  officers  of  the  Society.  The  ballots  shall 
be  voted  and  the  result  canvassed  in  the  manner  prescribed  in  Articles  33  and  34. 
The  tellers  shall  immediately  certify  the  result  to  the  annual  meeting,  when, 
if  the  certificate  shows  that  two-thirds  of  the  votes  cast  are  in  favor  of  the 
amendment,  it  shall  immediately  take  effect.  This  resolution  is  not  intended, 
however,  to  deprive  members  of  their  right  to  vote  by  proxy,  if  they  so  elect. 
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After  reading  the  resolution  Mr.  Miller  added  in  explanation 
his  view  that,  while  the  amendment  of  which  he  gave  notice  would 
perhaps  be  of  a  temijorary  character,  in  view  of  a  proiJosition 
which  he  understood  was  to  come  before  the  meeting  for  the  ap- 
pointment of  a  committee  to  give  consideration  to  the  general 
question  of  amending  the  Rules  as  a  whole,  yet  if  this  could  be 
accepted  at  this  time,  and  could  receive  action  at  the  next  annual 
meeting,  then  the  questions  brought  up  by  propositions  to  amend 
the  Rules  could  be  treated  by  the  method  outlined  in  the  above 
resolution,  and  the  Society  would  then  have  an  oi>portunity  to 
vote  by  the  method  which  it  provides  upon  the  method  of  amend- 
ment, as  well  as  upon  the  other  questions  which  would  be  con- 
sidered by  the  committee. 

On  request,  the  Secretary  read  the  articles  referring  to  the 
methods  of  amendment.  In  the  discussion  of  the  general  ques- 
tion raised  by  Mr.  Miller's  resolution,  Messrs.  Jesse  M.  Smith, 
H.  R.  Towne",  C.  W.  Baker,  C.  W.  Nason,  G.  C.  Henning,  C.  W. 
Hunt,  and  H.  H.  Suplee  spoke  as  follows : 

Mr.  Jesse  M.  Smith. — It  seems  to  me  evident  that  no  discussion 
of  this  question  can  be  had  at  this  time,  as  according  to  the  rule 
we  cannot  act  iipon  it  until  the  annual  meeting,  and  this  is  simply 
a  notice  of  what  will  be  presented  at  that  time.  I  am  heartily 
in  favor  of  this  resolution  and  hope  it  will  pass,  because  it  puts  out 
of  the  way  a  great  many  vexatious  questions  which  arose  at  the 
last  annual  meeting. 

Mr.  Henry  F.  Toivne. — Mr.  Chairman,  I  think  it  pertinent  at 
this  time  to  call  the  attention  of  the  members  to  a  fact  which 
developed  at  our  discussion  at  the  meeting  of  last  December, 
namely,  that  every  member  of  the  Society  has  a  legal  right  to 
appoint  a  proxy  to  represent  him  at  any  business  meeting  of  the 
Society.  This  fact  has  not  been  appreciated  by  the  members,  and 
the  understanding  has  been,  on  the  contrary,  that  the  votes 
counted  at  a  meeting  could  only  be  those  of  the  members  present 
at  such  meeting.  The  amendment  which  has  just  been  introduced 
contemplates  broadening  the  ballot  on  business  questions  by  per- 
mitting letter-ballots  to  be  cast  by  members  unable  to  attend  the 
meeting;  but  over  and  above  any  such  rule  is  the  legal  right  which 
each  of  us  has  to  appoint  a  proxy  to  represent  us  at  a  business 
meeting,  and  there  are  reasons,  Mr.  Chairman,  which  it  seems  to 
me  may,  in  many  cases,  make  a  proxy  the  better  mode  of  represen- 
tation.   For  example,  if  it  were  known  in  advance  of  this  meeting 
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that  a  certain  business  question  was  to  come  up  for  action,  each  of 
us  might  have  an  opioion  upon  it,  so  far  as  the  facts  were  before 
us,  and  be  prepared  to  express  oiir  opinions  by  letter-ballot;  but 
it  is  also  possible  that  if  we  could  be  present  personally  at  the 
meeting,  and  could  hear  the  discussion  of  the  subject,  the  further 
enlightenment  we  would  get  in  this  way  might  modify  our  view 
and  cause  us  to  vote  differently;  and  therefore  it  is  the  better 
mode  of  representation,  usually,  for  a  person  who  is  unable  to 
attend  a  meeting,  to  appoint  a  proxy  to  represent  him,  if  that 
proxy  has  his  confidence  and  knows  his  general  stand  on  the 
question  at  issue,  and  to  give  such  proxy  the  right  to  modify  his 
action  in  the  light  of  the  discussion  that  takes  place  at  the  meet- 
ing. I  understand,  Mr.  Chairman,  that  this  is  simply  a  notice  of 
an  amendment  which  will  be  brought  up  for  action  at  the  annual 
meeting  in  December. 

Mr.  C.  W.  Baher. — The  purpose  of  the  amendment  of  which 
notice  has  just  been  given  is  to  establish  the  letter-ballot  in  the  So- 
ciety in  connection  with  amendments  to  the  Rules.  With  that  pur- 
pose I  am  heartily  in  sympathy,  so  much  so  that  at  the  New  York 
meeting  last  December  I  gave  notice  of  an  amendment  designed 
to  effect  the  same  thing.  That  amendment  was  discussed  by  the 
members  present  at  the  liew  York  meeting ;  some  amendments 
were  made  in  it  and  it  was  finally  approved  by  a  vote  of  the  mem- 
bers present.  Under  those  circiuustances  I  do  not  see  but  what 
it  will  have  to  come  up  for  action  at  the  coming  December  meet- 
ing. I  do  not  see  that  I  would  have  any  right  to  withdraw  it,  not- 
withstanding this  second  amendment  which  is  now  proposed  has 
the  same  end  in  view. 

Moreover,  since  that  time  I  have  conferred  with  one  of  our 
Past  Presidents,  Mr.  C.  W.  Hunt,  and  at  his  suggestion  I  have 
added  a  clause  requiring  due  notice  to  be  given  the  Council  of  any 
proposed  change  in  the  Rules.  I  vnW  read  the  amendment  as  it 
now  stands. 

Strike  out  Article  45.     Substitute  in  its  ])lace  the  following : 


'•  At  any  regular  meeting  of  the  Society  any  member  may  propose  in  writ- 
ing an  amendment  to  these  Rules,  a  copy  of  such  amendment  ha\ing  been 
filed  with  the  Council  at  least  ten  days  before  the  opening  of  said  meeting. 
Such  amendment  shall  be  taken  up  by  the  Society  at  the  following  session  of 
the  same  meeting  and  shall  be  subject  to  discussion  and  amendment  and  to  final 
acceptance  or  rejection  by  a  majority  vote  of  the  members  present  and  voting. 
If  it  is  finally  accepted,  it  shall  be  submitted  to  a  letter-ballot  of  the  entire  vot- 
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ing  membership  of  the  Society;  such  ballots  to  be  sent  out  at  the  same  time 
as  the  next  succeeding  ballot  for  the  election  of  members.  A  majority  of 
the  ballots  cast  shall  adopt  or  reject  the  amendment." 

I  do  uot  know  that  it  is  necessary  here  to  go  into  a  discussion  of 
the  relative  merits  of  the  two  amendments.  One  thing  I  wish  to 
point  out  briefly:  that  my  amendment  does  something  which  the 
other  amendment  does  uot — doubtless  through  oversight  of  the 
member  who  prepared  it.  The  other  amendment  opens  the  door 
to  subjecting  the  Society  to  the  expense  of  sending  out  for  letter- 
ballot  any  amendment  proposed  by  any  member.  Under  the 
form  I  propose,  any  such  amendment  must  run  the  gauntlet 
of  a  regular  meeting,  where  it  can  be  discussed  and  amended, 
and  it  must  have  a  vote  of  approval  of  that  meeting  before  it  can 
go  out  to  letter-ballot. 

A  number  of  members  have  agreed  with  me  that  a  majority 
vote  would  then  be  sufficient  for  its  approval.  We  ought  not  to 
make  it  too  difficult  to  amend  the  Eules.  I  therefore  submit  the 
above  amendment  for  such  action  as  the  Society  chooses  to  take 
at  the  next  December  meeting. 

Mr.  Nason. — Aside  from  other  differences  between  the  two 
amendments,  one  of  them  calls  for  a  two-thirds  vote  to  pass  an 
amendment,  the  other  for  simply  a  majority.  If  the  two  amend- 
ments could  be  haniionized  in  form  so  that  the  difference  between 
them  would  be  on  this  one  point  it  might  be  better. 

The  Chairman. — I  think  that  suggestion  is  a  very  good  one. 
I  think  possibly  that  can  be  arranged  by  the  mover. 

Hfr.  Giis.  C.  Henning. — I  should  like  to  call  attention  to  the 
resolution  on  the  subject  offered  by  the  Finance  Committee  which 
will  cover  the  whole  case.  Taking  into  consideration  Mr.  Miller's 
and  Mr.  Baker's  proposed  amendments,  and  those  which  I  offered 
at  the  last  meeting,  we  have  so  many  before  us  now  that  evidently 
our  Rules  are  unsatisfactory  to  a  great  majority,  and  something 
ought  to  be  done  to  get  them  into  a  shape  which  will  be  satisfactory 
to  every  one.  If  this  committee  be  appointed  and  all  of  the  various 
suggestions  offered  be  assimilated  and  joined  together,  or  the 
best  of  them  be  selected  and  then  brought  in  one  general  report 
before  the  membership  to  be  acted  upon  at  the  December  meet- 
ing, we  shall  come  to  some  conclusion  as  to  what  to  do.  "We  have 
found  that  all  that  is  necessary  now  is  for  one  member  to  offer 
an  amendment  under  Rule  45,  and  that  such  amendment  must 
then  be  published  to  the  membership  and  taken  up.     That  is 
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hardly  siifBcicnt.  It  seems  that  auy  amendment  proposed  should 
first  be  submitted  to  the  Executive  Committee  or  the  Council  to 
see  whether  it  deserves  being  laid  before  the  Society.  Now,  under 
the  resolution  submitted  this  difficulty  will  be  avoided,  and  the 
Rules  and  Constitution  may  be  arranged  so  that  these  many  dis- 
cussions and  consequent  changes  will  not  arise,  and  I  think,  that 
we  cannot  take  any  action  at  this  meeting  upon  any  amendment 
offered,  and  must  wait  until  December  according  to  our  Rules 
(which,  of  course,  is  a  hardship  to  us).  Under  our  present  consti- 
tution we  have  no  alternative  but  simply  to  wait  and  to  see  that  our 
Council  puts  everything  into  the  best  jjossible  shape  to  give  us  an 
intelligent  statement  of  the  present  condition  of  our  Rules,  and 
of  those  amendments  which  they  deem  wise  to  have  embodied  in 
them. 

The  Chairman. — I  think  that  matter  will  be  brought  up  at  this 
meeting. 

Mr.  Towne. — Mr.  Chairman,  in  order  to  give  effect  to  the  sug- 
gestion of  the  Finance  Committee  to  which  Mr.  Henning  has  just 
referred,  and  also  to  give  effect  to  what  I  believe  is  the  sentiment 
of  the  Council,  I  will  offer  this  resolution : 

Resolved,  That  the  Chairman  of  this  meeting  appoint  a  nominating  com- 
mittee of  three  members  here  present  which,  before  the  close  of  this  con\-ention, 
shall  report  the  names  of  three  other  members  of  the  Society  to  constitute  a 
Special  Committee  on  Rules  and  Methods,  which  latter  committee  shall  take 
under  advisement  the  whole  subject  of  the  Rules,  by-laws  and  business  methods 
of  the  Society,  including  such  changes  or  amendments  as  have  been  or  may 
be  proposed  by  members,  and  shall  submit  its  conclusions  and  recommenda- 
tions to  the  membership  in  a  report  which  shall  be  delivered  to  the  Secretary 
not  later  than  October  15,  1902,  and  which  the  Secretary  shall  thereupon  cause 
to  be  printed  and  distributed  to  the  membership  not  less  than  two  weeks  in 
advance  of  the  next  annual  meeting  of  the  Society. 

The  resolution  was  seconded. 

The  Chairman. — Gentlemen,  you  have  heard  the  resolution  just 
made  which  has  been  duly  seconded.  If  there  are  any  remarks 
we  are  ready  for  them;  if  not,  I  will  put  the  question. 

Mr.  C.  W.  Hunt. — Before  the  question  is  put  I  think  the  time 
specified  is  too  short  to  accomplish  the  work.  We  are  now  ap- 
proaching the  hot  season  when  many  of  the  members  will  separate, 
and  not  return  before  the  first  of  September.  That  will  give  the 
Committee  only  thirty  days  to  revise  the  Rules,  and  consider  the 
various  suggestions  which  come  in.  It  is  possible  when  that  Com- 
mittee is  appointed  they  may  wish  to  send  a  circular  to  the  whole 
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membersliip,  asking  for  suggestions,  amendments,  or  alterations, 
or  any  notes  which  may  be  of  interest  to  the  Committee.  That  in 
itself  would  take  some  time.  It  would  also  take  time  to  digest 
the  replies,  and  I  think  an  amendment  of  the  Rules  which  is  to 
stand  for  many  years  ought  to  take  more  time,  or  that  the  resolu- 
tion should  be  changed  so  that  if  necessary  they  could  make  a 
report  of  progress  at  the  next  meeting. 

The  Chairman. — I  would  ask  Mr.  Towne  whether  the  report 
mentioned  in  his  resolution  has  to  be  made  by  a  certain  date,  or 
if  the  words  "if  possible  "  could  be  inserted? 

Mr.  Towne. — The  resolution  as  it  reads  is  that  the  Committee 
shall  submit  its  conclusions  and  recommendations  in  a  report 
which  shall  be  delivered  not  later  than  October  15th. 

Mr.  Chairman,  I  agree  with  Mr.  Hunt ;  the  time  is  somewhat 
short;  but  on  the  other  hand  I  believe  that  it  would  be  possible 
for  the  Committee  to  have  some  report  at  the  meetingin  December 
which  the  membership  can  discuss,  and  which  will  lead  perhaps  to 
still  further  improvement  in  the  proposed  changes.  Whether  so 
or  not,  under  our  present  Rules,  I  think  I  am  I'ight  that  no  final 
action  can  be  taken  for  a  year  from  next  December,  because 
Rule  45  states  that  notice  of  a  proposed  change  must  be  given 
at  a  previous  meeting,  and  action  taken  at  the  next  annual  meet- 
ing. Now,  we  are  not  ready  to  give  notice  of  these  changes  at 
this  meeting;  therefore,  we  shall  not  be  competent  to  act  upon 
them  at  the  next  annual  meeting,  and  as  they  must  be  acted  upon 
at  an  annual  meeting,  that  holds  them  over  until  the  annual  meet- 
ing in  the  fall  of  1903,  so  I  think  we  are  going  to  have  ample  time 
anyhow,  and  that  our  Committee  ought  to  try  to  do  something 
which  would  bring  the  matter  before  the  membership  at  the  meet- 
ing in  December. 

Mr.  C.  W.  Hunt. — The  wording  of  the  resolution  is  mandatory. 
If  the  resolution  offered  by  Mr.  Miller  is  passed  it  will  dispose 
of  the  method  of  changing  oTir  by-laws  in  an  easy  and  satisfactory 
manner.  Then  there  is  no  necessity  for  great  haste  that  I  can  see 
in  amending  our  Rules.  I  think  the  Committee  should  have  more 
time  for  their  work.  Mr.  Henning  has  offered  a  series  of  amend- 
ments of  great  volume  and  importance  proposing  to  follow  in  our 
Society  the  work  of  the  German  Engineering  Societies  of  a 
kindred  nature.  This  should  be  carefully  examined  by  the  Com- 
mittee, which  would  take  more  time  than  is  allowed  by  the 
resolution. 
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Mr.  Jesse  M.  Smith. — It  would  seem  to  me  unfortunate  if  Mr. 
Miller's  resolution  should  be  confounded  with  that  which  Mr. 
Towne  has  just  offered.  It  seems  to  me  that  they  are  entirely 
different. 

The  Chairman. — Mr.  Hunt  understands  that. 

Mr.  Smith. — I  was  speaking  more  to  Mr.  Towne's  resolution. 
As  I  understand  Mr.  Towne's  resolution,  it  is  to  the  effect  that 
these  two  resolutions  which  were  offered  before  his  should  be 
referred  to  a  committee.  I  may  have  misiinderstood  it;  but  it 
seems  to  me  that  the  resolution  offered  by  ilr.  Miller  is  simply 
for  the  purpose  of  expediting  and  simplifying  the  mode  of  pro- 
cedure. If  that  resolution  is  passed  at  the  next  annual  meeting, 
and  I  hope  it  may  be,  it  will  sunplify  the  problems  to  be  decided 
later  on,  in  regard  to  proposed  amendments,  and  will  enable  every 
member  to  vote  by  letter.  It  is  merely  for  the  purpose  of  simpli- 
fication of  the  machinery  of  the  Society. 

Mr.  H.  H.  Suplee. — I  think  it  is  clear  from  the  Rules  that  Mr. 
Miller's  resolution  can  only  be  acted  on  by  the  Society  at  an 
annual  meeting,  and  is  not  referable  to  a  committee.  Both  Mr. 
Miller's  and  Mr.  Baker's  resolutions  are  simply  notices,  and  must 
be  laid  over  until  the  fall  meeting.  In  regard  to  Mr.  Towne's 
resolution  it  really  has  a  year  for  consideration,  because  the  com- 
mittee's report  could  not  be  acted  on  until  a  year  from  next  fall. 
Hence  the  resolution  provides  for  as  prompt  action  as  possible. 

At  the  conclusion  of  the  discussion  on  this  resolution  it  was 
passed.  Mr.  F.  J.  Miller  then  read  the  following  communication 
in  cormnent  iipon  a  report  which  the  Council  had  prepared,  and 
had  ordered  to  be  distributed  to  the  membership  covering  the 
questions  of  administration,  accounting,  and  methods  which  had 
been  pursued  in  the  conduct  of  the  Society's  affairs. 

Mr.  F.  J.  Miller. — I  think  it  will  be  agreed  that  this  report, 
in  which  the  Council  (I  am  tempted  to  say  for  the  first  time)  takes 
the  members  of  this  Society  into  its  confidence  and  places  before 
them  a  complete  statement  of  the  Society's  affairs,  forms  an  ex- 
cellent basis  for  intelligent  action  by  the  membership ;  and  this 
confidence,  I  am  persuaded,  is  not  misplaced.  This  Society  is 
composed  of  grown  men,  most  of  whom  are  more  or  less  trained 
men  of  affairs,  and  those  qualifications  which  entitle  them  to 
membership  entitle  them  to  know,  to  discuss,  and  finally  to  decide 
upon  matters  of  business  connected  with  the  Society.  Indeed,  I 
could  wish  that  the  report  might  have  gone  further  and  still  more 
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into  detail,  and  that  we  might  have  been  informed,  for  instance, 
not  only  what  the  ratio  is  between  our  ex2:)enditnre  for  the  Secre- 
tary's office  and  that  of  other  societies,  but  also  just  what  amount 
we  do  spend.  I  think  there  should  be  no  secrecy  whatever  about 
that,  but  that  every  member  should  be  considered  as  entitled  to 
know  all  about  it. 

There  are  a  few  points  in  this  report  to  which  I  desire  to  call 
attention,  and  concerning  which  it  seems  proper  to  ask  a  few 
questions :  At  page  3,  under  the  heading  B  and  Paragraph  No.  2, 
the  statement  is  made  that  during  the  twenty-two  years  of  the 
Society's  existence  it  has  accumulated  a  surplus  of  over  $73,863. 
It  is  evident  from  this  that  the  average  receipts  of  the  Society 
have  exceeded  its  average  expenditures  (by  about  $3,350  per 
annum).  If,  during  the  past  few  years  this  annual  surplus  has 
been  turned  into  a  deficit,  then  it  is  the  part  of  wisdom  to  care- 
fully consider  the  reasons  therefor,  and  then  to  consider  whether 
the  increased  expenditure  per  member  is  Avise  or  necessary,  and 
I  have  no  doubt  that  a  majority  of  the  members  would  favor  such 
increase  of  dues  as  had  been  shown  to  be  clearly  necessary  after 
proof  that  the  Society's  affairs  have  been  for  a  time  well  managed 
— managed  in  a  business-like  manner ;  but  not  othenvise. 

As  regards  that  part  of  the  report  which  refers  to  the  Society's 
former  and  newly  adopted  method  of  bookkeeping,  under  head- 
ing C  at  page  4,  it  may  be  observed  that,  while  the  present  method 
is  adopted  to  give  the  officers  and  members  a  much  better  and 
clearer  idea  of  our  pecuniary  affairs  than  was  readily  obtainable 
previously,  yet  the  fact  is,  as  one  member  exjiressed  it,  that  "  a 
balance  sheet  is  not  a  new  or  modern  invention;"  on  the  con- 
trary, it  is  an  old  and  familiar  thing,  the  very  great  usefulness  of 
which  has  been  amply  demonstrated  through  many  years  of 
business  experience.  In  this  connection  it  may  be  remarked  that 
in  the  latter  part  of  the  last  paragTaph  on  page  4,  there  appears 
what  is  perhaps  an  unfortunate  expression;  the  last  sentence 
reading,  "  The  Society  appears  to  have  been  able  in  one  year  to 
make  a  substantial  reduction  of  its  debt,  etc."  Now  the  word 
"  appear,"  it  seems  to  me,  ought  not  to  have  entered  into  the 
report.  It  deals  with  a  matter  of  bookkeeping,  and  the  statement 
should  indicate  precisely,  and  certainly,  to  a  cent,  just  what  the 
Society  has  been  able  to  do,  and  there  ought  not  to  bo,  and  I  be- 
lieve as  a  matter  of  fact  there  are  no  "  appearances  "  about  it.  It 
is,  or  at  least  ought  to  bo,  a  definite,  exact  and  complete  statement. 
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Under  heading  D  at  page  5,  the  character  of  the  published 
volumes  and  the  quality  of  the  papers  printed  by  the  Society  are 
referred  to,  and  it  is  stated  that,  ''  so  far  from  curtailing  these,  the 
Society  should  expand  in  the  direction  of  more  papers  of  wider 
interest,  of  superior  quality  and  usefulness,  even  if  it  must  expend 
something  more  to  attain  these  results."  I  think  every  member 
will  agree  that  an  improvement  in  the  practical  usefulness  of  the 
papers  presented  before  this  Society  is  desirable ;  but  can  such 
improvement  in  the  papers  be  secured  by  the  mere  expenditure 
of  money  ?  It  seems  to  me  doubtful,  but  possibly  different,  though 
not  necesarily  more  expensive  methods  might  readily  bring  about 
such  an  improvement. 

In  the  last  paragraph  at  page  5,  the  staff  employed  in  the  oflSce 
is  referred  to  and  in  that  there  are  two  classes,  that  is,  the  officers 
and  the  staff.  I  think  the  general  impression  among  the  members 
has  been  different  from  that  which  is  stated  in  this  paragraph. 
For  one  thing,  the  newly-appointed  assistant  to  the  Secretary  is 
not  classified,  I  believe,  in  this  paragraph  either  as  an  officer  or 
as  a  member  of  the  staff.  It  would  be  a  little  more  satisfactory  to 
the  members  at  large  perhaps  if  there  were  some  indication  of 
the  extent  to  which  Mr.  Hoadlcy's  time  is  devoted  to  the  work  of 
the  Treasurer  and  to  that  of  the  Secretary,  respectively. 

Though  the  conclusion  of  the  Council  as  expressed  toward  the 
latter  end  of  this  paragraph  will  probably  be  accepted  by  many, 
I  think  there  are  many  other  members  who  will  not  be  disposed 
to  accept  it  as  the  final  conclusion.  There  is  a  quite  prevalent 
and  perhaps  growing  conviction  that  this  Society  will  never  be  able 
to  do  all  that  it  should  do ;  nor  to  develop  the  degi-ee  of  usefulness 
it  should  develop,  or  might  develop,  imtil  it  has  a  Secretary  who  is 
not  only  efficient  and  business-like,  but  who  can  devote  his  entire 
time  to  the  affairs  of  the  Society;  and  will  have  no  other  interests 
which  he  may  consider  paramount.  I  do  not  pretend  to  say 
whether  this  view  is  correct  or  not — and  indeed  I  am  not  yet 
satisfied  in  my  own  mind  regarding  it — but  this  much  I  feel  sure 
of ;  i.e.,  that  the  question  shoidd  receive  careful  attention  and  the 
views  of  the  members  should  be  obtained  and  considered  in  rela- 
tion to  it.  I  think  it  will  be  found  that,  generally,  they  will  be 
less  interested  in  knowing  whether  or  not  we  pay  more  or  less  than 
another  Society,  than  in  knowing  whether  or  not  we  are  doing 
the  best  that  we  can  do. 

At  the  beginning  of  paragraph  No.  3  on  page  6,  the  cost  of 
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operating  the  Society's  house  is  given  as  $3,783  per  annum,  and 
figures  are  given  to  show  that  the  minimum  space  that  would  be 
required  in  which  to  do  the  business  of  the  Society  would  cost 
nearly  as  much  if  rented,  and  perhaps  more.  I  doubt  if  there  is  as 
much  profit  in  the  mere  renting  of  property  in  New  York  City 
as  these  figures  indirectly  show.  Without  going  into  figures  at  all 
it  seems  on  the  face  of  it  that  the  maintenance  of  this  house  is  an 
cxjiensive  luxury,  and  the  figures  given  are  not  I  think  sufficient  to 
dispel  this  impression.  I  believe  the  amount  stated  as  the  net  cost 
of  operating  does  not  include  interest.  Certainly  the  interest 
actually  paid  out  on  the  mortgage  indebtedness  should  be  included, 
and  in  fact  interest  at  say  4  per  cent,  on  the  entire  valuation  of 
the  property  should  be  included,  and  4  per  cent,  of  $85,000 — 
$3,400  should  be  added,  making  the  total  net  cost  nearly  double 
the  amount  given.  Admitting  the  force  of  what  is  said  about  the 
advantages  of  the  Society  owning  its  own  house,  the  question  is 
still  open  as  to  whether  we  are  not  parang  rather  dearly  for  these 
advantages — especially  when  it  is  considered  that  the  house  has 
become  totally  inadequate  for  its  chief  purjjose. 

Near  the  top  of  page  7  it  is  explained  why  the  cost  of  operating 
the  Society  per  member  does  not  fall  so  rapidly  as  it  would,  or 
might,  under  other  circumstances.  Of  course  we  all  understand 
that  where  fixed  charges  enter  into  an  expense  account,  expense 
per  capita  cannot  be  reduced  in  proportion  to  increase  of  mem- 
bership; but  as  a  matter  of  fact  the  report  indicates  that  the 
expense  per  member  has  not  fallen  at  all  within  the  past  few 
years,  but  has  increased,  and  the  members  of  the  Society  will, 
I  believe,  generally  not  be  entirely  satisfied  until  that  increase 
is  satisfactorily  accounted  for,  and  probably  not  until  the  increase 
is  arrested. 

Referring  to  the  second  paragraph  under  heading  E,  which  are 
recommendations  for  the  future,  I  believe  that  no  member  of  the 
Society  believes  that  it  should,  in  language  of  the  report,  hold  its 
breath  and  mark  time  and  fail  to  progress.  It  is  simply  a  ques- 
tion of  how  we  should  progress,  or  in  what  way  we  should  pro- 
gress. Rightly  or  wrongly  very  many  members  now  believe  that 
we  were,  last  fall,  in  danger  of  attempting  to  progress  along  a 
path  in  which  no  real  or  satisfactory  progTCSs  would  have  been 
possible.  They  believe  that  the  Council  was  led  to  inadvertently 
approve  measures  which  not  a  single  member  of  that  Council 
would  have  considered  for  one  moment  in  connection  with  his  own 
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business,  where  he  alone  would  have  been  responsible  for  the 
results.  It  does  not  follow  that  these  members — sincere  well- 
wishers  of  the  Society  I  am  sure — are  in  favor  of  the  Society's 
holding  its  breath  and  marking  time  simply  because  they  do  not 
think  it  is  wise  to  follow  a  certain  specified  course.  My  belief  is 
that  the  quality  of  the  Transactions  can  be  improved  without  ma- 
terially increasing  the  cost  of  them,  and  it  is  open  to  debate,  doubt- 
less, as  to  whether  we  do  not  publish  a  good  deal  of  matter  that  is 
of  little  value.  Those  who  are  at  all  acquainted  with  the  print- 
ing business  know  that  tables  in  printed  matter  are  an  expensive 
luxury,  and  it  is  doubtful  if  any  large  proportion  of  the  members 
of  this  Society  derive  much  benefit  from  many  of  the  expensive 
tables  gi^^ng  long  detailed  accounts  of  tests  of  engines  and  boilers 
which  so  abound  in  our  Transactions.  Perhaps  the  gist  of  these 
things  might  in  many  cases  be  given  wthout  publishing  page  after 
page  of  long  tables  which  are  of  doubtful  value.  And  much  the 
same  may  be  said  of  fully  worked  out  mathematical  demonstra- 
tions. 

The  best  and  perhaps  the  most  hopeful  feature  of  this  report  is 
to  be  found  in  paragraph  numbered  7  at  page  16,  where  the 
Finance  Committee  recommends  that  a  committee  be  appointed  to 
make  a  general  revision  of  the  Rules  of  the  Society,  etc.  In  favor- 
ing such  a  resolution,  I  do  so  because  it  will  enable  any  member 
who  desires  to  present  to  this  Committee,  either  in  person  or  by 
mail,  such  changes  or  ideas  as  may  seem  to  him  calculated  to  in- 
crease the  Society's  usefulness  or  improve  its  standing.  This 
Committee,  then,  may  take  all  such  ideas  under  consideration  and 
may  formulate  proper  Constitution,  By-Laws  and  Rules  to  be  sub- 
mitted to  the  members  for  their  approval,  amendment,  or  rejec- 
tion. The  right  of  voting  by  proxy  having  been  established,  every 
member  of  the  Society  may  feel  sure  that  the  wishes  of  the  ma- 
jority of  the  members  can  be  carried  out.  This,  it  seems  to  me, 
is  not  the  time  to  attempt  a  general  discussion  of  the  things  which 
the  Society  should  do  or  should  not  do;  such  discussion  should  be 
carried  on  later,  either  at  the  fall  meeting  in  New  York  or  else- 
where, in  connection  with  the  consideration  of  the  work  of  the 
Cormnittee  which  this  resolution  provides  for  the  appointment  of. 
It  seems  to  me  that  this  is  a  good  opportunity  to  set  in  motion  the 
machinery  or  forces  which  may  eventually  lead  to  a  betterment 
of  the  general  condition  of  the  Society,  whose  best  interest  I  feel 
sure  we  all  have  at  heart. 
88 
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Tliis  report  was  before  the  meeting  by  virtue  of  having  been 
sent  to  every  member  in  advance  of  the  meeting,  and  is  issued  as 
an  Appendix  to  the  current  volume  of  Transactions.  The  dis- 
cussion on  the  general  questions  raised  by  that  was  as  follows : 

Mi:  Harringion  Emerson. — There  are  quite  a  number  of  points 
to  which  I  would  like  to  call  the  attention  of  the  Society  and  of  the 
Council,  but  I  will  limit  myself  at  the  present  time  to  a  single  one. 
In  this  report  it  is  stated  that  the  Society  has  accumulated  a 
surplus  of  $74,000  during  its  existence.  In  looking  over  this 
report  it  seems  to  me  that  probably  $25,000  of  the  surplus  is  due 
to  the  increase  in  the  value  of  the  building  alone,  and  I  also  find 
that  $13,000  of  that  is  due  to  the  arbitrary  increase  in  the  value  of 
the  Transactions  of  the  Society  over  the  value  put  upon  them  by 
the  committee  that  was  appointed  to  appraise  their  value,  making 
those  two  items  alone  $38,000 — fully  half  the  amount  of  the  so- 
called  surplus ;  and  it  is  not  stated  anywhere  in  this  report  to  what 
extent  the  life  dues  or  the  bequests  that  the  Society  has  received 
have  gone  in  there  and  been  counted  as  part  of  the  siirplus,  and  it 
rather  seems  to  me,  from  looking  at  this  report  as  if  from  the  very 
beginning,  the  Society  had  practically  been  running  behind.  But 
the  thing  that  I  would  particularly  like  an  explanation  of  is,  why 
the  Council  or  the  Joint  Committee  felt  authorized  arbitrarily 
and  without  any  explanation  whatever  to  increase  the  appraised 
value  of  the  Transactions  of  the  Society. 

Mr.  Towne. — Mr.  Chairman,  the  first  point  taken  by  the  gentle- 
man who  has  just  spoken  is  entirely  correct,  and  I  was  on  the 
point  of  rising  to  correct  the  misapprehension  which  Mr.  Miller 
had  as  to  the  exact  facts  concerning  the  present  surplus.  Mr. 
Emerson  is  right,  that  $25,000  of  it  is  the  "  unearned  increment," 
as  Henry  George  calls  it,  arising  from  the  increased  value  of  our 
real  estate  in  New  York.  Another  $10,000,  or  probably  $12,000, 
is  due  to  what  Mr.  Emerson  correctly  refers  to  as  the  increase  of 
the  appraised  value  of  our  Transactions.  There  is  another  ad- 
ditional amount,  which  we  are  not  able  to  ascertain  definitely,  but 
which  the  Secretary  tells  me  may  conservatively  be  placed  at 
about  $18,000,  representing  gifts  to  the  Society,  chiefly  of  our 
second  mortgage  bonds  which  were  issued  at  the  time  we  bought 
the  house  in  Thirty-first  Street,  and  all  of  which  are  now  retired. 
So  that,  subtracting  all  of  those  from  the  surplus  stated  in  the 
report,  leaves  approximately  $20,000  of  remaining  surplus  which 
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there  is  good  reason  to  believe  is  accumulated  surplus  income — in- 
come in  excess  of  current  expenses.  And,  therefore,  I  think  the 
statement  is  justified  in  Mr.  Miller's  comments  that,  taking  the 
history  of  the  Society  as  a  whole,  our  total  income  has  somewhat 
exceeded  our  total  outgo.  That  is  not  true  the  past  year  or  two, 
although  we  believe  that  the  economies  which  have  been  put  into 
effect  recently  are  probably  going  to  produce  a  balance,  this  year, 
on  the  right  side;  this  depending,  however,  upon  the  decision  that 
shall  finally  prevail  concerning  the  disposition  of  receipts  from 
life  memberships  and  from  initiation  fees.  Including  those  in  our 
current  receipts,  the  income  of  this  year  will  unquestionably 
suffice  to  meet  the  expenses  of  this  year. 

The  other  point  which  Mr.  Emerson  refers  to  is  the  valuation 
of  the  books.  I  think  I  am  correct  in  my  recollection  that  the 
figure  finally  adopted  is  a  mean  between  two  extremes,  the  one 
extreme  being  the  cost  of  production,  and  the  other  extreme  being 
the  value  of  the  T ransactions  if  sold  at  the  price  at  which  we  are 
selling  them  and  have  sold  a  great  many. 

The  one  extreme  is  the  mere  cost  of  printing,  and  the  other 
was  the  price  for  which  we  are  actually  selling  the  Transactions. 
We  have  sold  in  the  past  a  large  number  of  Transactions  at  that 
price.  There  is  every  reason  to  believe  that  in  the  course  of  time 
all  of  them,  or  the  greater  part  of  them,  will  be  disposed  of  at  that 
price.  The  figure  adopted  is  the  mean  between  these  two  ex- 
tremes, and  we  think  is  a  conservative  one.  It  does  not  enter 
directly,  however,  into  any  question  relating  to  the  current  ex- 
penses of  the  Society.  I  think  there  is  one  other  item  of  interest 
that  the  members  might  like  to  know  of,  namely,  that,  at  the  time 
the  accounts  were  made  up  as  of  September  30,  1901,  the  total 
indebtedness  of  the  Society,  outside  of  the  mortgage  debt,  was 
$15,169.  The  corresponding  indebtedness  on  the  loth  day  of  May 
is  $12,034.46.  In  other  words,  there  has  been  a  reduction  of 
about  $3,000  in  the  indebtedness  during  the  past  six  and  a  haK 
months. 

The  Chairman. — I  might  say  that  if  any  of  the  members  have 
any  points  in  regard  to  this  matter,  if  they  would  reduce  them  to 
writing  and  send  them  to  the  Secretary  it  would  be  a  great  help 
to  the  committee  and  to  the  Council  and  to  us  all.  We  are  all 
interested  in  this  problem. 

Mr.  Jesse  M.  Smith. — There  is  another  matter  of  new  business 
that  I  would  like  to  bring  before  the  Society.     We  have  heard  a 
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good  deal  of  the  financial  side  of  the  Society's  proceedings.  Now, 
there  is  another  side  of  it  which  is  of  vastly  more  importance,  and 
that  is  the  engineering  side.  This  is  an  engineering  society ;  not  a 
financial  institution.  The  only  reason  for  its  existence  is  because 
it  furthers  engineering  projects,  engineering  questions  of  all 
kinds.  Now,  it  seems  to  me  that  in  these  questions  of  economy, 
which  are  arising  and  which  the  Finance  Committee  and  Execu- 
tive Committee  and  the  Coimcil  are  doing  their  utmost  to  meet, 
we  should  not  go  to  the  extent  of  damaging  the  proceedings  of  the 
Society  by  curtailing  to  too  great  an  extent.  It  seems  to  me  that 
the  proceedings  of  this  Society  are  of  vastly  more  importance  than 
the  saving  of  a  thousand  dollars  a  year  or  two  thousand  dollars  a 
year.  If  we  do  not  keep  up  the  standard  of  the  Society  from  the 
engineering  standpoint,  we  can  expect  a  greater  deficit  than 
we  have  yet  had.  Now,  I  offer  the  following  resolution.  That 
for  the  next  annual  meeting  all  the  professional  papers  to  be  read 
at  the  meeting  be  printed  and  sent  free  charge  to  each  member 
of  the  Society,  sufficiently  in  advance  of  the  meeting  to  permit 
discussions  to  be  sent  in  by  members  who  cannot  attend  the  meet- 
ing. Sending  out  the  papers  in  advance  to  every  member  of  the 
Society  has  been  the  rule  for  the  past  four  or  five  years.  It  is 
now  proposed  to  curtail  it  and  to  send  those  papers  only  to  such 
members  as  ask  for  them  through  a  postal  card,  which  is  sent  out 
by  the  Secretary.  Now,  it  seems  to  me  that  it  is  of  the  greatest 
importance,  particularly  to  those  members  who  are  not  fortunate 
enough  to  be  able  to  attend  these  meetings — and  the  percentage 
who  attend  is  very  small,  three  or  four  hundred  out  of  a  total 
membership  of  over  two  thousand — that  something  is  due  those 
members  of  the  Society  who  cannot  be  present  at  the  meet- 
ings.. They  are  entitled  to  know  what  is  going  on.  They  are 
entitled  to  know  the  papers  that  are  to  be  read,  and  they  are  en- 
titled to  know  in  time,  in  advance  of  the  meeting,  so  that  their 
discussions  can  be  sent  in  to  be  read  and  become  a  part  of  the  Pro- 
ceedings. It  is  the  Proceedings  of  this  Society  which  make  the 
Society  valuable,  and  for  at  least  three-fourths  of  the  members 
that  is  the  chief  recompense  which  they  have  for  the  payment  of 
iheir  dues.  Now,  it  seems  to  me  that  the  members,  particularly 
those  who  live  at  a  distance  from  the  place  of  meeting,  are  entitled 
to  know  what  is  going  in  in  the  Society  before  discussion  of  the 
questions  have  closed.  Now  they  can  only  know  of  them  in  tho 
published  volume,  which  appears  from  a  year  to  a  year  and  a  half 
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after  the  act.  On  this  point  of  distributing  the  papers  free  in 
advance  of  the  meetings  among  the  members,  1  want  to  give  some 
statistics  which  are  the  result  of  the  work  of  the  American  Society 
of  Civil  Engineers.  In  their  early  history"  they  did  not  publish 
the  papers  in  advance  of  the  meetings  at  all.  Then  they  published 
a  few,  which  were  sent  to  members  who  they  thought  would  be 
interested.  Then  they  proceeded  a  step  further  and  published 
them  quite  freely.  During  the  past  six  years,  as  I  understand 
from  the  proceedings  of  the  Society  of  Civil  Engineers,  they  have 
sent  out  those  papers  far  enough  in  advance  so  that  every  member 
would  have  an  opportunity  of  sending  a  written  discussion.  I 
read  from  page  eleven  of  the  Annual  Report :  "  During  the  last 
six  years  all  papers  have  been  published  in  Proceedings  in  advance 
of  the  date  set  for  their  presentation,  and  nearly  always  sufficiently 
in  advance  of  that  date  to  enable  distant  members  to  be  repre- 
sented at  the  meetings  by  discussion  in  writing,  if  they  so  desired." 
What  is  the  result  of  that  liberal  policy  on  the  part  of  the  Civil 
Engineers  ?  It  is  stated  here :  "  Figures  showing  the  average 
length  of  papers  and  discussions  and  the  number  of  discussions 
per  paper  are  perhaps  the  most  significant  and  interesting,  as  they 
indicate  during  this  last  period  a  much  ^^•ider  and  more  carefully 
prepared  discussion  than  obtained  under  the  old  system,  and  the 
increase,  under  these  headings,  over  the  previous  average,  is  in 
length  of  papers  an  increase  of  55.2  per  cent. ;  in  length  of  the 
disciissions  52.4  per  cent.;  in  number  of  discussions  per  paper 
141.2  per  cent."  If  the  Proceedings  of  the  Society  represent 
the  valuable  part  of  the  Society's  work,  it  seems  to  me  that 
this  liberal  policy  on  the  part  of  the  Civil  Engineers  is  well 
warranted,  although  it  costs  more  money,  and  that  is  the  policy 
which  has  been  pursued  by  this  Society  up  to  within  the  past  year, 
and  it  seems  to  be  highly  desirable  that  this  policy  should  be  pur- 
sued even  if  it  does  cost  the  difference  between  printing  two 
thousand  papers  for  distribution  at  this  meeting  and  the  printing 
of  two  thousand  more,  while  the  type  is  all  set  up,  for  distribution 
to  the  membership  at  large.  The  difference  in  cost  is  the  cost 
practically  of  the  postage  for  sending  out  these  papers  to  mem- 
bers. If  we  send  out  a  postal  card,  it  costs  a  cent  and  a  half  per 
member,  but  it  only  gives  him  a  chance  to  see  whether  he  wants 
the  papers  or  not.  In  other  words,  it  seems  to  me  that  the  addi- 
tional cost  of  sending  every  paper  to  every  member  of  the  Society 
is  insignificant  compared  with  the  benefit  which  will  accrue. 
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Mr.  H.  H.  Suplee. — In  seconding  Mr.  Smith's  motion  I  would 
like  to  speak  of  the  way  in  which  the  Society  of  Civil  Engineers 
publishes  its  papers.  When  they  first  come  out  they  are,  as  Mr. 
Smith  has  indicated,  called  Proceedings — they  are  in  process  of 
evolution. 

They  are  sent  out  in  periodical  form  at,  I  believe,  pound  rate 
postage.  The  discussions  keeji  coming  in  through  the  year,  and 
are  published  in  the  Proceedings  as  they  are  received.  At  the  end 
of  the  year  each  paper  is  assembled  with  discussion  on  it,  and  the 
whole  is  published  as  Transactions — they  have  been  completed. 
In  that  way  they  get  the  subject  discussed  very  fully,  and  I  think 
are  repaid  for  the  cost. 

I  should  like  also  to  call  attention  to  Article  42  of  our  present 
Pules,  which  states: 

"The  policy  of  the  Society  in  this  matter  shall  be  to  give  papers  read  be- 
fore it  the  widest  circulation  possible,  with  the  view  of  making  the  work  of  the 
Society  known,  encouraging  mechanical  progress,  and  extending  the  profes- 
sional reputation  of  its  members." 

I  agree  with  Mr.  Smith  that  anything  which  will  curtail  those 
fundamental  purposes  should  be  discouraged. 

Mr.  Emerson. — I  would  like  to  say  just  one  word  more  bearing 
on  what  Mr.  Smith  has  suggested.  This,  as  Mr.  Smith  has 
said,  is  an  engineering  society,  and  it  is  a  matter  of  some  amuse- 
ment to  me  that  a  society  that  has  in  it,  or  claims  to  have  in 
it,  and  I  believe  possesses  in  it  the  best  organizing  talent  in  the 
world,  should,  in  its  own  private  affairs,  be  one  of  the  most  in- 
adequately managed  societies  that  it  was  ever  my  pleasure  to  be 
connected  with.  And  one  of  the  very  first  things  to  do  before  we 
get  down  to  such  details  as  sending  out  our  Transactions  and 
securing  discussions,  is  to  put  our  house  in  order,  so  that  we  will 
not  run  the  risk  of  bringing  discredit  upon  the  whole  mechanical 
engineering  profession  in  the  United  States.  Now,  I  believe,  in 
looking  over  the  system  that  has  been  here  presented,  that  it  would 
be  perfectly  possible  to  curtail  the  expense  of  this  Society  $10,000 
a  year,  without  interfcrring  to  the  very  slightest  degree  with  its 
efficiency  and  with  the  publication  of  its  Transactions,  and  so 
forth,  and  I  would  like  to  ask,  if  I  believe  this — having  lived  for 
three  months,  three  or  four  months  last — in  the  rooms  of  the  So- 
ciety and  watched  its  daily  operations  there  as  a  member,  and 
besides  having  been  connected  with  it — if  I  believe  this,  I  would 
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like  to  ask  the  Vice-President  to  whom  am  I  to  present  the  facts 
on  which  I  base  that  belief. 

The  Chairman. — In  writing? 

Mr.  Emerson. — In  writing  or  any  way. 

Mr.  Towne. — By  all  means  to  the  Society. 

The  Chairman. — The  Society,  I  should  say. 

Mr.  Towne. — It  belongs  to  the  Society,  not  to  the  Council. 
The  Council  has  no  secrets. 

Mr.  Emerson. — We  are  trying  to  do  three  different  things  in 
the  Society ;  first,  we  are  trying  to  run  a  gentleman's  club,  and  as 
a  gentleman's  club  the  Society  is  a  failure.  It  is  not  run  the  way 
a  gentleman  would  like  his  club  to  be  run,  and  we  find  the  evi- 
dence of  that  right  in  this  report.  It  costs  $5,672  to  run  the 
house,  and  they  only  get  $1,338  of  income  from  it — from  the 
rooms — as  a  gentleman's  club.  Taking  the  price  charged  for  the 
rooms,  the  Society  shows  an  efficiency  of  28  per  cent.  That 
might  do  very  well  for  the  Diesel  motor,  but  I  do  not  believe  it  is 
very  high  efficiency  for  a  gentleman's  club.  Either  the  price  of 
the  rooms  should  be  reduced  to  the  members,  provided  they  were 
occupied  to  a  large  extent,  or  you  could  increase  your  income : 
you  could  do  both  things ;  you  could  decrease  the  price  of  the 
rooms  and  thereby  afford  more  accommodation  to  the  members, 
and  you  could  increase  your  revenue. 

Secondly,  I  think  that  the  expenses  of  $5,672  could  be  curtailed. 
I  have  seen  a  great  many  evidences  of  waste  in  the  management  of 
the  Society.  K^ow,  if  we  could  cut  down  those  as  far  as  $2,000  a 
year,  which  I  believe  could  be  done,  and  we  could  increase  our 
revenue  from  the  price  of  rooms  $1,000,  there  wovild  make  a  dif- 
ference right  off  of  $3,000,  and  the  house  itself  would  be  almost 
self-supporting,  and  there  would  not  be  any  question  of  giving  up 
our  headquarters,  because  it  costs  us  so  much  to  riin  the  house. 

The  second  great  division  is  printing.  That  takes  up  47  per 
cent,  of  all  our  expenses.  Now,  I  do  not  believe  that  the  manage- 
ment of  the  Society  has  gone  to  different  printers  in  JsTew  York 
and  found  out  what  their  printing  could  be  done  for  at  the  very 
lowest  figure.  I  believe  that  Mr.  Kent,  in  the  publication  of  his 
"  Pocket  Book,"  secures  very  much  better  figiires  for  setting  up 
the  type  and  printing,  than  this  Society  does,  and  in  reading  over 
this  report  I  find  when  we  want  to  borrow  money  we  borrow  it 
from  our  printer,  and  tliat  we  are  absolutely  in  his  hands,  and  we 
do  not  dare  say  anything  to  him,  except  to  pay  such  bills  as  he 
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puts  in ;  and  I  believe  the  same  thing  is  true  of  the  binding  of  the 
books  of  the  Society,  that  the  binding  could  be  done  for  very  much 
less  as  well  as  the  printing,  and  that  in  those  items  also  probably 
we  could  cut  down  our  expenses  with  the  proper  kind  of  manage- 
ment— the  kind  of  management  that  Mr.  Kent  uses  in  his  business 
—fully  $5,000  a  year. 

The  third  item  is  that  of  salaries,  which  takes  up  25  per 
cent,  of  the  income  of  the  Society.  That  seems  to  be  a  very  large 
item — 25  per  cent,  for  salaries.  Now,  I  think  very  possibly  we 
could  secure  jiist  as  good  services  as  we  now  have,  just  as  great 
ability,  for  possibly  some  saving — not  as  much  as  in  the  other  direc- 
tions, but  I  do  not  believe  that  over  15  per  cent,  of  our  income 
should  be  devoted  to  salaries.  It  would  be  much  better  to  take 
a  fixed  figure,  a  certain  proportion  of  all  the  dues,  for  salaries, 
and  expand  as  we  go  along,  rather  than  use  up  25  per  cent,  and 
get  into  trouble.  Those  are  the  three  divisions,  the  management 
of  the  house,  the  printing,  particiilarly,  and  the  salaries,  on  which 
I  think  we  could  make  a  saving  of  at  least  $10,000.  Now,  this 
report  here  is  right  straight  through  an  apology.  There  is  no 
aggressiveness  about  it.  The  Joint  Committee  have  seemed  to  feel 
very  timid,  and  I  do  not  wonder  that  they  felt  timid;  they  ought  to 
have  felt  timid  with  the  kind  of  report  that  they  bring  to  us  here. 
We  are  told  that  the  expenses  of  the  Society  increase,  except  in 
the  matter  of  house,  in  proportion  to  the  numbers,  and  one  of  the 
items  in  which  it  is  mentioned  that  the  expenses  are  going  to  in- 
crease in  proportion  to  the  numbers  in  printing.  Now,  if  there  is 
anything  in  the  world  in  which  expenses  go  down  as  nmnbers 
increase,  it  is  printing.  We  print,  perhaps,  three  thousand  copies 
of  our  papers.  What  proportion  does  the  setting  up  in  type  of 
those  papers  bear  to  the  actual  printing?  Why,  if  we  wanted  to 
go  in  and  get  another  thousand  copies  or  two  thousand  copies,  it 
would  not  cost  us  25  per  cent.,  not  much  more  than  10  per  cent,  of 
what  the  setting  up  would  cost,  and  yet  we  are  told  that  as  the 
Society  increases,  its  expenses  for  printing  are  going  to  increase 
in  proportion.  Now,  that  is  not  true,  and  moreover  in  sending 
out  the  Transactions,  it  would  be  perfectly  possible  to  print  those 
that  are  going  to  be  distributed  on  thin  paper,  so  that  we  could 
send  out,  in  accordance  ^\'ith  the  suggestion  of  Mr.  Smith,  all  the 
Transactions  or  all  the  discussions  of  the  papers  that  are  going  to 
come  up  on  thin  paper,  so  that  for  a  cent,  or  for  two  cents  at  the 
outside,  every  member  would  receive  them. 
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Mr.  William  Kent. — Mr.  President,  there  is  one  point  that  has 
not  been  brought  up  in  this  discussion.  It  is  the  character  of  our 
'rransactions.  I  have  had  occasion  several  times  in  the  last 
twenty  years  to  protest  against  the  publication  of  some  of  the 
papers  as  unfit  to  print  in  the  Transactions  of  our  Society,  but 
in  every  case  the  Publication  Committee  has  printed  those  papers 
not  only  at  great  expense  to  the  finances  of  the  Society,  but  also  at 
the  expense  of  the  reputation  of  the  Society.  I  think  we  ought  to 
have  a  larger  Publication  Committee,  and  that  Committee  should 
be  divided  into  sub-committees  of  experts  on  certain  branches, 
so  that  a  paper  on  steam  engines,  for  instance,  should  not  be 
printed  without  the  consent  of  the  two  members  of  the  Committee 
who  are  experts  on  that  subject,  and  so  with  papers  on  other  sub- 
jects. In  the  past  we  have  had  a  great  number  of  papers  that 
should  not  ajipear  in  the  Transactions  at  all.  They  are  no  credit 
to  us.- 

Mr.  Nason. — Mr.  Kent  as  ex-member  of  the  Publication  Com- 
mittee must  be  fully  aware  of  the  very  great  difficulty  of  getting 
papers  of  the  character  desired  for  the  Transactions.  Various 
expedients  have  been  tried  and  suggestions  made;  you  are  all 
familiar  with  the  postal  cards  and  other  methods  which  have  been 
adopted  to  induce  members  to  give  us  what  we  want,  but  with  only 
moderate  success. 

Col.  E.  D.  Meier. — I  heartily  agree  with  the  mover  of  the  reso- 
lution, that  it  is  a  very  good  thing  to  have  all  the  jjapers  before 
every  one  of  the  members — however,  with  this  previse,  that  the 
member  that  gets  them  wants  to  read  his  papers.  I  object  to  hav- 
ing them  printed  and  sent  out  at  a  considerable  expense  for 
postage,  simply  to  go  into  the  waste-paper  basket. 

Now,  there  was  a  very  excellent  method  adopted  by  the  Secre- 
tary about  a  year  ago,  and  that  was  to  send  out  a  synopsis  of  the 
paper,  and  that  can  be  sent  out,  I  think,  for  a  cent — sent  to  every 
member,  and  then  let  every  member  choose  which  papers  they 
want  to  read  after  seeing  that  synopsis;  and  they  will  send  for 
those  they  want  to  discuss,  and  the  others  need  not  be  printed, 
except  in  just  sufficient  number  for  the  meeting  itself.  There  is 
another  point  that  was  brought  up  by  my  friend  Mr.  Kent — that 
that  would  give  a  very  good  guide  to  the  Secretary,  as  well  as  to 
the  Publication  Committee,  in  regard  to  the  desirability  of  publish- 
ing certain  of  the  papers  at  all.  Wow,  I  remember,  in  one  of  our 
late  meetings  there  was  a  paper  which  was  simply  an  advertise- 
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ment  of  a  tolerably  worthless  device,  and  it  could  not  have  got 
into  an}'  trade  paper,  without  being  paid  for  at  so  much  a  line. 

Mr.  Chis.  C.  Henning. — I  was  a  member  of  the  Publication 
Committee  and  I  had  cause  to  speak  in  refusal  of  certain  papers. 
At  the  same  time  some  papers  were  offered  at  meetings  which 
were  not  submitted  to  the  Publication  Committee.  One  of  the 
pajiers  to  which  I  refer  was  a  general' description  of  the  South 
Boston  Terminal  Station,  another  was  the  memoir  of  Sir  Henry 
Bessemer.  The  first  paper  forms  a  large  proportion  of  the  Trans- 
actions of  that  year.  The  second  caused  some  very  hard  feeling. 
How  they  got  in  I  don't  know. 

In  regard  to  the  present  method  of  distributing  the  papers  in 
advance,  I  should  say  that  this  year's  procedure  is  entirely  satis- 
factory. Perhaps  the  siimmaries  were  not  exactly  what  they  might 
have  been ;  but  those  who  wished  to  discuss  these  papers  certainly 
received  them  in-  ample  time  before  the  meeting.  I  do  not  think 
it  is  necessary  to  distribute  papers  gratuitously  to  the  whole 
Society  and  then  simply  have  them  thrown  into  the  waste  basket. 
Those  who  wish  to  disciiss  the  papers  will  get  them  by  the  method 
which  is  now  in  vogue  in  ample  time  before  the  meeting.  If  the 
papers  are  not  presented,  so  that  they  can  be  prepared  in  ample 
time,  they  should  be  laid  over  and  held  for  the  next  meeting.  If 
we  have  three  good  papers  at  a  meeting,  with  ample  discussion,  it 
would  be  better  than  twenty  which  would  lead  to  little  discussion 
and  add  no  credit  to  the  Society  in  its  Transactions. 

Mr.  George  DinJceJ. — I  think  the  point  that  Mr.  Kent  makes  is 
the  best  thing  that  could  ever  be  brought  about.  The  very  paper 
which  is  mentioned  here  as  being  an  advertising  scheme  was  dis- 
tributed— I  myself  received  three  copies — as  being  read  before 
the  Society.  Such  a  paper  should  never  be  admitted.  I  do  not 
see  why  this  Society  should  be  used  as  an  advertisement.  It  is 
not  alone  used  as  an  advertisement  for  the  papers,  but  it  is  used  as 
an  advertisement  by  members,  for  certain  manufacturing  con- 
cerns' and  I  think  a  good  many  of  the  members  will  agree  with 
me,  that  when  certain  persons  come  into  their  office  to  show  the 
devices  which  they  have  to  sell,  you  will  find  there  coats  thrown 
open  and  the  Society  pin  exposed  or  shown,  with  the  object 
that  by  thus  telling  of  their  membership  to  the  Society,  it  will  help 
sell,  or  advocate  whatever  they  are  selling.  I  believe  that  we  can- 
not any  too  soon  raise  our  dues  and  requirements  of  this  Society 
and  keep  it  on  an  elevation,  or  standard,  worthy  of  the  name  of  the 
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American  Society  of  Mechanical  Engineers.  I  do  not  think  we 
can  put  it  on  any  too  high  a  scale  or  standard. 

Mi:  Emerson. — Do  you  mean  as  to  dues'^ 

Mr.  DinJcel.—I  have  no  objection  to  having  the  dues  raised. 
1  think  the  dues  should  be  raised.  I  think  we  need  it.  I  think 
that  all  the  papers  should  be  sent  out  to  each  and  every  one.  I 
do  not  want  a  postal  card  sent  to  my  office  asking  if  I  want  any  of 
the  papers  as  given  on  the  postal  card.  I  probably  may  be  away 
at  the  time  and  will  have  to  send  another  postal  card  stating 
that  I  do  want  such  and  such  a  paper.  Further,  to  do  this  a 
man  will  at  all  times  have  to  have  the  postal  list  to  know  what 
papers  are  to  be  read.  All  papers  to  be  read  should  be  sent  in 
due  time ;  then  if  a  man  is  a  member  of  this  Society  and  does  not 
think  enough  of  the  Society  to  look  over  these  papers,  rather  than 
throw  them  in  the  waste-basket  I  think  he  ought  to  give  up  being 
a  member  of  the  Society. 

Mr.  T.  B.  Almond. — I  believe  that  I  am  speaking  to  the  motion 
when  I  raise  the  point,  after  listening  to  the  discussion,  that  we  are 
coming  to  the  question  at  issue.  The  issue  to  my  mind  is,  whether 
this  Society  shall  continue.  If  we  gradually  get  into  debt  we  can- 
not continue  to  exist.  Therefore,  one  of  the  first  things  to  con- 
sider is  how  to  economize,  so  that  we  may  have  a  continued  exist- 
ence. Now,  while  I  quite  agree  with  Mr.  Smith's  motion  that 
the  papers  should  be  broadly  sent,  just  as  charity  should  be  given — 
I  would  be  willing  to  lose  ninety  per  cent,  given  for  charitable 
purposes  if  ten  per  cent,  should  reach  its  destination  and  do  the 
good  that  is  intended,  ...  we  would  be  economizing  this 
year  if  we  act  as  I  believe  the  Council  have  suggested,  viz. :  curtail 
the  number  of  papers  to  be  sent.  My  experience  is,  that  there  is 
not  one  paper  in  twenty  which  I  want  to  see,  and  I  believe  that 
to  be  the  experience  of  a  large  proportion  of  the  gentlemen 
present. 

Mr.  Daniel  Ashworth. — I  have  listened  with  a  great  deal  of 
interest  to  the  discussions  upon  these  pTopositions,  and  I  wish  to 
say  at  the  outset,  that  I  am  heartily  in  favor  of  sending  these 
papers  out  as  they  have  been  sent  heretofore.  It  has  been  truly 
said  that  there  are  many  who  cannot  attend  these  meetings,  and 
each  paper  should  be  put  into  the  hands  of  every  member  of  this 
Society,  and  not  in  any  cheeseparing  way  on  thin  paper,  or  any- 
thing of  that  kind,  but  in  a  first-class  condition  on  first-class  ma- 
terial.   The  objection  to  papers  that  bear  upon  their  face  an  adver- 
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tisiiig  idea  is  wide-spread  through  the  membership;  biit  if  I  under- 
stand our  system,  we  have  a  committee  who  are  supposed  to  exer- 
cise their  judgment  in  regard  to  the  merit  of  papers,  whether  they 
are  fit  to  be  presented  before  this  body.  It  is  within  their  purview, 
I  believe,  to  decide  whether  a  paper  is  or  has  the  color  of  an  ad- 
vertising medium;  if  so,  they  should  rule  it  out;  if  not,  it  should 
go  out  before  the  membership.  Unfortunately,  there  have  been 
papers  read  and  presented  before  this  body,  which  should  not  have 
been  presented;  but  let  this  committee  exercise  that  judgment 
within  their  power  upon  such  a  feature  as  that  and  let  our  papers 
be  legitimate  and  thorough;  then  such  papers  should  be  sent  to 
every  member  of  the  Society  and  on  first-class  material.  We  can- 
not swing  this  pendulum  to  the  other  extreme  and  get  down  to 
this  matter  of  small  business  and  throttle  the  enterprise  of  an 
institution  like  this  Mechanical  Engineers  Society,  a  Society 
which  stands  without  peer  in  our  country  and  challenges  admira- 
tion abroad. 

If  I  were  to  be  asked  what  were  the  most  valuable  books  in  my 
technical  library  I  would  point  with  pride  to  the  Transactions  of 
the  American  Society  of  Mechanical  Engineers,  and  I  would 
further  say,  that  if  I  go  into  an  office,  into  an  engineer's  oflice,  and 
see  upon  his  desk  a  set  of  papers  from  this  Society  in  advance,  I 
would  have  a  spark  of  pride  to  say  that  that  was  a  Society  which 
had  the  power  and  had  the  right  and  had  the  manhood  and  the 
sterling  quality  to  keep  pace  with  other  societies  throughout  the 
world  in  having  sent  forth  its  papers  so  that  every  member,  no 
matter  how  humble  he  may  be  and  how  limited  in  his  circum- 
stances or  how  his  business  is  situated,  can  have  them  before  him 
and  send  his  discussion  in  writing  and  be  fully  prepared  to  enter 
upon  it.  Why,  gentlemen,  it  is  time  that  we  were  shutting  down 
upon  this  idea  of  parsimony.  Let  us  all  say  that  we  will  take 
measures  to  so  shape  ourselves  that  we  will  do  everything  right, 
everything  first-class ;  then  we  will  say  to  the  world  that  "  No 
pent  up  Utica  contracts  our  powers." 

Mr.  Towne. — Mr.  Chairman,  I  think  this  is  the  most  profitable 
meeting  I  have  attended  for  a  long  time.  It  is  just  the  kind  of 
talk,  Mr.  Chairman,  that  we  want  to  hear  from  the  members. 
The  Society  needs,  I  won't  say  reorganization  or  reconstruction, 
but  reaivakening,  and  this  must  come  from  the  members,  not  from 
the  Council  or  from  the  oflicers  of  the  Society.  The  work  of  a 
body  of  this  kind  originates  from  the  members.    They  have  got  to 
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do  the  work  and  put  the  life  into  it.  The  members  have  been  lean- 
ing too  heavily  on  the  Council,  the  Council  has  been  leaning 
too  heavily  on  the  Secretary;  too  much  has  been  left  to  com- 
mittees without  seeing  that  those  committees  were  doing  their 
work.  There  has  not  been  the  right  spirit  in  the  Society.  We  want 
to  get  back  again  to  the  spirit  we  had  in  earlier  years.  We  are  go- 
ing to  get  there,  and  with  that  spirit  reawakened  yoii  will  find  that 
most,  if  not  all,  of  these  difficulties  will  disappear.  In  justification 
of  what  I  have  just  said  is  the  fact  which  has  just  been  mentioned 
here,  of  papers  passing  into  the  Transactions  without  knowledge 
on  the  part  of  the  Editing  Committee.  I  know  from  personal  ex- 
perience that  this  has  been  the  case.  I  know  that  the  Committee 
has  had  to  pass  papers  at  times  without  the  opportunity  to  read 
those  papers — some  papers  that  have  passed  in  that  way  ought  not 
to  have  gone  into  the  Transactions.  That  was  bad  work  on  the 
part  of  the  Committee.  It  was  bad  work  that  the  papers  were  not 
put  before  the  Committee  earlier.  The  present  report,  which  is 
in  your  hands  and  which  has  given  rise  to  this  debate,  is  another 
illustration.  That  report  was  not  read  by  some  members  of  the 
Council  before  it  had  to  be  issued.  It  should  have  been  in  the 
hands  of  all  members  of  Council  in  time  to  consider  it  carefully 
before  it  was  adopted.  Personally,  I  think  there  are  some  mis- 
takes of  fact  and  of  opinion  in  that  report ;  but  all  of  these  ques- 
tions come  within  the  scope  of  the  Committee  which  has  been 
proposed,  and  the  suggestions  which  are  being  made  here  will 
help  that  Committee  in  its  work.  Members  should  be  encouraged, 
throughout  the  Society,  to  send  in  suggestions  of  this  kind,  and  if 
the  Committee  does  its  work  as  well  as  I  hope  and  believe  that  it 
will,  I  think  we  will  soon  see  all  of  these  difficulties  put  behind  us, 
a  new  atmosphere  created,  and  the  Society  started  again  on  a 
higher  career  of  usefulness. 

But,  l\Ir.  Chairman,  don't  let  us  make  the  mistake  of  measur- 
ing that  usefulness  by  the  size  of  our  dues.  It  is  not  the  amount 
of  money  we  pay  in  that  determines  the  importance,  character, 
and  standing  of  an  organization  like  this.  It  is  tlie  question  of 
what  we  do  with  the  money;  or,  still  better,  what  we  get 
that  cannot  be  bought  for  any  amount  of  money.  Our 
Transactions  have  not  deteriorated  because  of  lack  of  money. 
!Money  will  not  buy  what  we  want  to  see  in  those  Transactions. 
It  is  interest,  interest  in  tlio  Society  and  its  work,  that  has  got  to 
be  brought  out  and  which  can  be  brought  out,  in  ways  which  we 
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have  discussed  at  various  times,  which  alone  can  be  relied  upon  to 
raise  and  increase  the  value  of  our  Transactions.  Certainly,  Mr. 
Chairman,  one  of  the  first  duties  of  a  good  engineer  is  to  administer 
his  work,  whatever  it  may  be,  efficiently,  and  in  that  sense  it 
becomes  the  management  of  this  Society  to  establish  economical 
and  efficient  methods  of  conducting  its  affairs  and  disbursing 
its  funds  before  we  ask  the  membership  to  pay  in  more  money. 

The  proijosition  of  the  motion  is  now  a  mandatory  one,  an  order 
to  increase  the  expenses.  On  the  other  hand  the  Society  is  calling 
on  the  Council  to  make  both  ends  meet.  We  are  trying  to  do  it ; 
we  are  going  to  do  it.  I  think  it  is  possible  that  the  proposed  ex- 
pense can  be  incurred  this  year.  But  I  hope  sincerely  that  the 
meeting  will  refer  this  question  to  the  Council  vsdth  discre- 
tion, lea\'ing  it  to  the  judgment  of  the  Council  as  to  whether 
or  not  the  extra  work  shall  be  done  at  this  time — not  deciding 
on  our  future  policy,  but  simply  as  to  what  shall  be  done  the 
present  year — and  I  hope  Mr.  Smith  mil  be  willing  to  accept 
this  amendment,  thus  lea%ang  the  question  discretionary  with  the 
Coimcil. 

Mr.  Jesse  Smith. — This  resolution  which  I  offered  applies 
only  to  the  next  annual  meeting.  For  the  meeting  after  that  the 
whole  question  will  have  been  sifted  out  by  the  Council,  and  their 
recommendation  will  probably  be  acceptable  to  the  Society.  I 
think  it  is  a  bad  policy  to  retrogade.  We  have  been  sending  out 
these  papers  to  every  member  of  the  Society.  It  seems  to  me 
a  bad  time  to  go  backwards,  even  if  it  does  cost  something  to  keep 
on ;  but  Avhat  does  it  cost  ?  What  is  the  difference  between  doing 
as  we  have  been  doing  and  doing  what  is  proposed  to  be  done? 
The  Secretary  sends  out  a  postal  card.  That  costs  money.  He 
sends  out  a  synopsis  of  the  papers.  That  costs  money  to  print 
and  to  send  out.  Now  the  question  is,  whether  it  would  not  cost 
less  to  print  the  papers  and  send  them  to  every  member  of  the 
Society,  than  to  do  this  preliminary  work  of  sending  out  postal 
card  and  then  a  synopsis  of  the  paper  and  then  putting  the 
burden  on  the  members  of  sending  a  reply  postal  card,  and  then 
having  to  send  a  considerable  number  of  the  papers  after  all. 
Why  not  be  a  little  more  liberal  and  send  them  to  every  member 
of  the  Society  ?  The  difference  in  the  cost  will  be,  it  seems  to  me, 
insignificant  compared  with  benefit. 

Afr.  Henning. — Tn  view  of  the  fact  that  all  these  matters  are 
now  before  the  Council,  and  that  the  Council  has  been  doing  the 
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best  it  can  to  make  both  ends  meet,  I  move  you,  sir,  to  lay  this 
2natter  on  the  table. 

Carried. 

Mr.  Kent  at  the  close  of  this  discussion  presented  the  following 
notice  of  an  amendment  to  the  By-Laws  in  relation  to  the  duties 
of  the  Publication  Committee. 

Mr.  Kent  asked  that  the  substance  of  this  proposition  might  be 
referred  to  the  Committee  provided  in  the  resolution  offered  by 
Mr.  Towne,  but  that  the  present  form  of  it  might  be  considered 
as  a  notice  under  the  present  methods  for  the  amendment  of  the 
Rules,  so  that  if  favorably  reported  on  it  might  come  up  for  con- 
sideration and  action  at  the  annual  meeting.  The  proposed 
amendment  is  as  follows : 

"The  Publication  Committee  shall  consist  of  the  iSecretary  of  the  Society 
and  eight  members,  who  shall  be  chosen  by  the  Council  at  the  beginning  of  each 
Society  year.  The  Publication  Committee  on  its  organization  shall  appoint 
from  its  members  special  committees  of  two  members  each  upon  the  different 
special  branches  of  the  general  subjects  of  Mechanical  Engineering  which 
are  treated  in  the  papers  submitted  to  the  Society.  Every  paper  available  for 
presentation  and  publication  shall  be  examined  by  the  proper  sub-committee 
and  must  be  approved  in  writing  by  both  members  of  such  sub-committee 
before  favorable  action  on  its  acceptance  is  taken  by  the  Committee  as  a  whole." 

The  resolution  giving  notice  of  a  purpose  to  amend  was 
seconded. 

Mr.  Henning  then  called  attention  to  the  operation  of  some  of 
the  Society's  committees  in  the  following  communication,  which 
he  read. 

Mr.  Gus.  C.  Ilennincj. — On  May  22,  1896,  a  subject  was 
brought  before  the  Council,  which  has  been  allowed  to  slumber 
until  quite  recently.  On  page  223  of  the  manuscript  minutes  of 
the  Council,  occurs  the  following  entry : 

"The  matter  was  presented  of  the  desirability  of  taking  steps  to  have  the 
objections  presented  which  engineers  and  manufacturers  would  feel  to  legisla- 
tion making  the  introduction  of  the  Metric  System  compulsory  in  America 
and  that  while  it  was  for  the  interest  of  certain  elements  to  secure  the  passage 
of  such  bills  as  the  Stone  Bill  of  1896,  there  should  be  prepared  and  ready  a 
statement  of  the  objections  and  obstacles  to  such  summary  action.  On  motion 
it  was  resolved  that  a  committee  of  five  be  appointed  by  the  President  to  pre- 
pare and  have  in  readiness  material  which  might  be  used,  if  required,  to  oppose 
tlie  compulsory  introduction  by  law  of  the  Metric  System  into  America.  The 
President  at  a  later  period  appointed  as  such  Committee,  Messrs.  Coleman 
Sellers,  John  E.  Sweet,  Chas.  T.  Porter,  George  M.  Bond,  and  Coleman  Sel- 
lers, Jr." 
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This  action  of  the  Council  was  reported  to  the  Society  at  the 
next  annual  meeting,  and  is  recorded  on  page  10  of  vol.  xviii.  of 
the  Transactions. 

Since  the  appointment  of  this  Committee,  whose  purpose  was 
"  to  prepare  and  have  in  readiness "  certain  information,  the 
Society  has  not  heard  from  it  and  the  data  which  it  was  requested 
to  obtain  have  not  yet  been  put  on  record  in  the  archives.  The 
Secretary  of  this  Committee,  however,  has  addressed  the  daily 
press  as  an  officer  of  the  Committee,  making  it  appear  thereby  that 
The  American  Society  of  Mechanical  Engineers  as  an  organization 
was  strongly  opposed  to  the  compulsory  introduction  of  the  Metric 
System. 

This  same  member  went  before  the  Congressional  Committee, 
to  present  his  personal  opinions  about  the  hardships  which  the 
introduction  of  the  iletric  System  would  entail  upon  all  manu- 
facturers, and  emphasized  repeatedly  that  a  long  letter  addressed 
to  the  Chairman  of  the  Congressional  Committee  and  written  on 
the  Society's  letter-head  was  signed  by  the  Secretary  of  the  So- 
ciety. This  letter  written  by  the  Secretary  of  the  Society  upon  its 
official  paper  and  expressing  opinions  in  opposition  to  the  intro- 
duction of  the  Metric  System,  was  by  the  above  action  made  to 
appear  as  an  official  opinion  of  the  Society,  expressed  by  its 
Secretary,  although  signed  by  him  as  an  individual  and  not  as  an 
officer. 

It  is  an  established  principle  of  this  Society  neither  to  endorse, 
approve,  nor  recommend  the  action  of  its  committees  presented  in 
their  report.  It  is,  furthermore,  far  beyond  the  scope  of  this 
Society  to  appoint  committees  for  the  purpose  of  affecting  legisla- 
tion. Nevertheless,  the  Secretary  of  this  Committee  stated  before 
the  Congressional  Committee  that  this  Society  had  adopted  and 
approved  the  report  of  a  committee  recommending  a  decimal 
gauge  as  standard  for  dimensions  of  wire.  It  would  appear, 
furthermore,  that  this  Committee  and  the  Secretary  of  the  Society 
have  tried  to  affect  legislation  by  making  it  appear  that  this  So- 
ciety was  strongly  opposed  to  the  introduction  of  the  Metric 
System. 

In  view  of  the  foregoing  facts,  it  is  my  o])inion  that  those  mem- 
bers of  the  Metric  0]i]iosition  Committee  and  all  others  who  have 
taken  part  in  this  public  agitation,  should  be  requested  to  abstain 
from  further  public  utterances  and  communications.  For  this 
reason  I  would  beg  leave  to  offer  the  following : 
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Resolved,  That  hereafter  all  committees  and  officers  of  the  Society  and  of 
the  Council  shall  present  their  reports  to  the  Society  or  to  its  Council,  for  re- 
\iew  and  approval  before  publication;  and  further: 

Resolved,  That  no  member  of  the  Society  nor  any  officer  thereof  or  of  the 
Council  shall  attempt  to  represent  the  Society  for  any  purpose  whatsoever, 
without  instructions  from  the  Council  or  the  Society. 

I  think  it  is  time  tliat  the  present  Metric  Opposition  Committee 
be  excused  from  further  considering  the  subject  before  it,  and  that 
members  be  appointed  thereon  who  are  more  in  harmony  with  the 
customs  and  practices  of  this  Society. 

The  resolution  closing  the  communication  was  seconded  by  Mr. 
Forbes,  and  an  amendment  was  offered  by  Mr.  Miller,  that  it 
should  read  that  "  no  member  or  officer  of  the  Society  shall  under- 
take to  represent  the  Society  without  authorization  from  the  So- 
ciety duly  given." 

Mr.  Pfenning  explained  that  the  Council  as  a  rule  was  supposed 
to  represent  the  Society,  and  it  was  his  preference  that  the  resolu- 
tion should  remain  in  the  shape  proposed,  so  that  in  an  emergency 
the  Council  might  take  prompt  action  on  behalf  of  the  Society 
without  delaying  to  give  opportunity  for  the  Society  to  instruct 
the  Council. 

The  motion  in  its  original  form  was  adopted. 

The  meeting  then  passed  to  the  consideration  of  the  profes- 
sional papers  and  took  up  first  the  "  Report  of  the  Society's  Com- 
mittee on  the  Codification  of  Methods  of  Conducting  Engine 
Tests." 

Professor  Jacobus  as  reporter  of  the  Committee  presented  the 
form  of  the  report  as  the  Committee  had  digested  it,  together  with 
certain  discussions  which  had  been  received  from  various  mem- 
bers in  comment  on  the  recommendations  of  the  Committee. 

Professor  Jacobus  referred  with  regret  to  the  loss  which  the 
committee  had  experienced  since  the  last  Report  of  the  Committee, 
in  the  lamented  death  of  Mr.  Bryan  Donkin  of  England,  who  had 
taken  very  active  interest  in  the  work  of  the  committee  during 
all  its  deliberations. 

Messrs.  Heisler,  Munroe,  H.  W.  Spangler,  Gaetano  Lanza,  Ball, 
Reeve,  Morse,  and  Smart  took  part  in  the  discussion,  and  the  matter 
was  referred  back  to  the  Committee  to  incorporate  into  its  final 
report  any  suggestions  and  amendments  which  might  come  to  the 
notice  of  the  Committee  before  the  annual  meeting  of  the  Society 
in  ISTew  York. 
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A  supplementary  report  from  the  Committee  on  the  Standard- 
ization of  the  Proportions  of  Pipe  Unions  was  presented  by  Mr. 
E.  M.  Herr,  with  a  sketch  of  suggestions  which  have  been  offered 
to  improve  the  design  which  was  submitted  at  the  'New  York  meet- 
ing of  1001. 

Messrs.  Forbes,  Suplee,  and  Kason  took  part  in  the  discussion 
of  the  supplementary  report.  The  Society  took  no  action  con- 
cerning the  criticisms. 

The  morning  had  become  so  far  advanced  that,  in  view  of  the 
engagements  for  the  afternoon,  it  had  become  impossible  to  take 
up  the  two  remaining  papers  listed  for  the  morning  session,  so  on 
motion  the  Society  took  a  recess  with  the  imderstanding  that  these 
two  papers  would  come  up  at  the  head  of  the  list  for  the  evening 
session. 

Annoimcement  were  made  by  the  Chairman  of  the  Sub-com- 
mittee in  charge  of  the  reception  on  Thursday  evening,  and  the 
meeting  adjourned  for  the  luncheon  served  in  the  Institute  build- 
ing by  the  courtesy  of  the  Local  Committee.  After  luncheon 
the  visitors  were  divided  into  small  parties  with  competent  guides, 
for  a  visit  to  the  various  departments  of  the  educational  activity 
of  the  Institute  of  Technology. 

Thied  Session.    "Wednesday,  May  28th,  8.30  p.m. 

By  unanimous  consent,  before  calling  the  session  to  order  for 
the  presentation  of  the  regular  business  of  the  evening,  the 
courtesy  of  the  floor  was  given  to  Lieut.  Godfrey  L.  Carden  of  the 
United  States  Revenue  Service,  who  gave  some  information  con- 
cerning the  relation  of  the  Federal  government  to  the  fair  to  be 
held  in  1004  in  St.  Louis,  and  the  desire  of  the  technical  depart- 
ments of  the  Federal  government  that  the  industrial  achievements 
of  the  country  should  be  creditably  represented  at  this  fair,  and 
the  arrangements  which  were  making  to  attain  this  result.  At 
the  end  of  this  brief  presentation  the  Society  was  formally  con- 
vened for  the  consideration  of  the  evening's  programme.  The 
papers  for  the  evening  were :  "  Specifications  for  Steel  Forgings, 
Castings, and  Boiler  Plates," by Wm.  R.  Webster;  "Test  of  Steam- 
Pipe  Coverings,"  by  Mr.  George  H.  Barrus ;  "Elevator  Safeties," 
by  Chas.  R.  Pratt;  "Construction  of  Atlantic  Avenue  Power 
Station,  Boston,"  by  Messrs.  I.  E.  Moultrop  and  R.  E.  Curtis; 
"  Swivel  Joint  for  High-Pressure  Main,"  by  R.  E.  Curtis;  "De- 


BOSTON   MEETING.  437 

torinining  Tempei-atuves  of  Exhaust  Gases  in  Combustion  En- 
gines," and  "  Working  Details  of  a  Gas-Engine  Test,"  by  R.  H. 
Fernald ;  "  Liquid  Fuel  Combustion,"  by  Chas.  E.  Lucke.  The 
partici]iants  in  debate  were  Messrs.  S.  M.  Vauclain,  G.  C.  Hen- 
ning,  II.  H.  Suplee,  Gaetano  Lanza,  Crosby,  D.  S.  Jacobus,  Wm. 
Kent,  H.  W.  Spangler,  E.  S.  Farwell,  Geo."  Dinkel,  W.  H.  Morse, 
and  A.  J.  Frith. 

Mr.  Pratt  presented  his  paper  by  means  of  lantern  slides. 


FouKTH  Session.     Thursday,  May  29th,  10.30  a.m. 

The  papers  for  the  morning  were  as  follows :  "  A  Eoller  Ex- 
tcnsometer,"  by  Gus.  C.  Henning;  "  Mechanical  Stokers  for 
Locomotives,"  by  Fred.  H.  Colvin ;  "  Improved  Indicator  Cock  for 
Engines,"  by  A.  K.  Mansfield;  "Electricity  in  Cotton  Mills,"  by 
W.  B.  Smith  Whaley;  "  Some  Details  of  Direct-Connected  Gen- 
erator Sets,"  by  Wm.  J.  Bryan;  "  A  Graphical  Determination  of 
Piston  Acceleration,"  by  J.  N.  Le  Conte.  The  participants  in 
debate  were  Messrs.  Pt.  H.  Soule,  G.  L.  Fowler,  J.  M.  Smith,  C.  P. 
Iliggins,  C.  W.  Barnaby,  C.  H.  Benjamin,  F.  W.  Dean,  H.  H. 
Suplee,  W.  D.  Forbes,  and  Wm.  Kent. 

The  members  w.ere  invited  on  their  way  to  the  afternoon  excur- 
sion to  inspect  the  Atlantic  Avenue  Power  Station  of  the  Edison 
Electric  Illuminating  Company.  Many,  however,  went  directly 
to  the  steamer  at  Rowe's  Wharf  which  conveyed  the  party  to 
Downer's  Landing,  where  trolley  cars  carried  them  within  a  short 
distance  of  the  plant  of  the  Fore  River  Ship  and  Engine  Company. 
Luncheon  was  served  on  the  boat  by  courtesy  of  the  Local  Com- 
mittee. 

At  the  plant  of  the  company  the  party  was  escorted  through  the 
Forge  Department,  the  Power  House  mth  its  electric  and  pneu- 
matic plant,  and  the  Machine  Shop,  Yards,  and  Plating  Depart- 
ments. 

In  the  yard  were  the  torpedo  boat  destroyers  "  Lawrence  "  and 
"  MacDonough,"  the  cruiser  "  Des  Moines,"  the  battle-ships 
"  New  Jersey "  and  "  Rhode  Island,"  and  the  seven-masted 
schooner  "  Thomas  W.  Lawson."  The  party  returned  by  trolley 
and  boat  to  the  city. 

In  the  evening  was  held  the  important  social  affair  of  the  meet- 
ing in  the  form  of  a  reception  to  the  Society  in  the  Boston  Museum 
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of  Fine  Arts,  on  Cople}'  Square.  The  Museum  authorities  and  the 
residents  of  Boston  were  represented  by  Mr.  Samuel  D.  Warren, 
President  of  the  Board  of  Trustees  of  the  Museum,  and  Mrs. 
Warren.  During  the  reception  a  most  enjoyable  orchestral 
rendering  of  selections  was  enjoyed,  presented  by  members  of  the 
Symj^hony  Orchestra. 

A  collation  was  served  in  a  tent  in  the  courtyard  of  the 
Museum.  The  treasures  of  the  Museum  collections  were  greatly 
enjoyed  by  the  visitors. 


Fifth  Session.    Friday  Morning,  May  30th. 

By  invitation  of  the  President  and  Corporation  of  Harvard 
University,  the  closing  session  of  the  Society  was  convened  in 
the  large  lecture  hall  of  the  Engineering  Building,  which  is 
known  as  "  Pierce  Hall."  In  addition  to  the  normal  presentation 
of  papers  and  discussion  of  the  professional  matters  which  they 
involved,  the  following  matters  of  business  were  presented. 

Pursuant  to  the  resolution  of  Mr.  Towne  at  the  Wednesday 
session,  the  Chair  was  directed  to  appoint  a  committee  of  three 
who  should  be  entrusted  with  the  duty  of  nominating  a  committee 
of  three  to  consider  all  questions  relating  to  the  revision  of  the 
Society's  Constitution  and  By-Laws  and  Rules.  Under  the 
authority  of  that  resolution  the  Chair  had  appointed  Messrs. 
Ambrose  Swasey,  John  T.  Hawkins,  and  Wm.  O.  Webber  as  such 
N'ominating  Committee.  This  Committee  retired  and  presented  as 
its  report  the  nomination  of  the  following  committee  to  consider 
the  proposed  amendments  to  the  By-Laws,  and  present  such  revi- 
sion as  might  seem  desirable  for  the  Society  to  consider.  The 
report  presented  the  names  of  Messrs.  Charles  Wallace  Hunt, 
Henry  E.  To\vne,  and  Jesse  M.  Smith. 

On  motion  the  nomination  of  the  committee  was  confirmed  and 
made  the  action  of  the  Society- 

The  Chair  called  attention  also  to  the  fact  that  the  provisions  of 
tlie  By-Laws  now  in  force  in  Article  31,  require  an  appointment 
at  the  spring  meeting  of  a  committee  to  prepare  and  ]iresent  nomi- 
nations for  the  offices  in  the  Society  falling  vacant  at  the  annual 
meeting.  The  Chair  stated  that  wliile  it  was  customary  for  this 
a]>]iointment  to  be  made  by  the  presiding  officer  at  the  closing 
session  of  the  meeting,  it  would  be  his  preference — inasmuch 
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as  lie  was  a  temporary  ofEcer  merely  supplying  tJie  vacancy  in  the 
absence  of  the  President — that  this  duty  should  be  discharged  by 
the  President  of  the  Society  in  his  understanding  with  respect  to 
the  courtesies  in  the  case.  If  he  heard  no  objection  from  the 
meeting  he  would  take  this  action  and  ask  that  the  appointment 
might  be  made  by  the  President  of  the  Society  at  his  convenience 
after  the  meeting  had  adjourned.  No  objection  being  made,  this 
action  stood. 

Tlie  debate  ujion  the  paper  of  Mr.  C.  C.  Tyler  resulted  in  a 
resolution  that  there  should  be  referred  to  the  Council  with  power, 
the  question  of  aj^pointing  a  committee  of  five  of  the  Society  who 
should  consider  the  qnestion  of  formulating  a  standard  for 
machine  screw  threads  and  machine  screws.  This  motion  being 
duly  seconded  was  carried,  and  the  matter  referred  to  the  Council. 

The  pajjcrs  of  the  morning  were  as  follows  :  "  Technical  Index 
and  File,"  by  K.  H.  Soule;  "The  Lowell  Gaslight  Company's 
Coal  Pocket,"  by  F.  M.  Bowman;  "  The  Flying  Shear,"  by  V.  E. 
Edwards ;  "  Standards  for  Machine  Screws,"  by  C.  C.  Tyler ; 
"Cold  Working  of  Sheet  Metals  in  Dies,"  by  John  D.  Riggs; 
"  Repairing  a  Broken  Cylinder,"  by  H.  M.  Lane.  In  the  discus- 
sion on  them  the  following  members  took  part:  Messrs.  H.  P. 
Quick,  G.  T.  Voorhees,  S.  Whinery,  II.  H.  Suplee,  G.  L.  Fowler, 
H.  ]\L  Lane,  Oberlin  Smith,  Jno.  T.  Hawkins,  C.  R.  Gabriel,  Geo. 
R.  Stetson,  Geo.  M.  Bond,  Ambrose  Swasey,  F.  H.  Boyer,  Jos.  E. 
Lewis. 

At  the  close  of  the  professional  discussions,  under  the  provision 
concerning  new  business  at  this  meeting,  the  Secretary  read  the 
following  series  of  resolutions : 

The  American  Society  of  Mechanical  Engineers  at  the  closing  session  of  its 
most  successful  Boston  meeting  desiros  tc  put  on  record  its  sense  of  apprecia- 
tion for  all  the  courtesies  and  attentions  which  have  been  lavished  upon  the 
members  during  their  stay.  They  would  ask  that  in  the  somewhat  formal 
mould  of  the  resolution  whereby  a  large  number  of  persons  seek  to  voice  their 
sentiments,  those  who  read  will  detect  the  earnestness  of  feeling  which  lies 
behind  the  words. 

They  would  offer  for  action,  therefore,  the  following  resolutions: 
Resolved,  That  the  Society'  would  desire  to  express  to  Dr.  Henry  Smith 
Pritchett  and  to  the  President  and  Board  of  Governors  of  the  Massachusetts 
Institute  of  Technology  their  sincere  thanks  for  the  elaborate,  complete  and 
faultless  arrangements  at  the  Institute  for  the  sessions  of  the  meeting.  To  Dr. 
Pritchett  they  would  speak  specially  in  recognition  of  the  cordiality  and  char- 
acter of  his  address  of  welcome,  and  their  regret  that  the  pressure  of  other  busi- 
ness during  the  week  has  precluded  his  also  taking  part  by  his  presence  at  the 
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professional  sessions.  The  Boston  meeting  will  long  be  remembered  for  many 
reasons,  and  connected  with  these  memories  will  be  that  of  the  relation  of  Dr. 
Pritchett  to  the  success  of  the  first  evening  of  the  Convention.  To  Professor 
Lanza,  of  the  Institute,  and  to  his  gifted  and  energetic  assistants  the  Society 
would  express  its  thanks  for  the  arrangements  for  the  visit  to  the  Institute  Lab- 
oratories, and  for  the  admirable  and  exhaustive  arrangements  in  connection 
with  the  headquarters  and  the  meeting  room.  If  Dr  Pritchett  is  to  be  remem- 
bered by  the  Society  for  what  he  has  done  to  make  the  meeting  a  success,  the 
staff  of  the  Institute  will  be  none  the  less  remembered  for  the  way  in  which 
the  details  have  been  carried  out. 

The  American  Society  of  Mechanical  Engineers  would  ask  that  Mr.  George 
A.  Kimball,  President  of  the  Boston  Society  of  Ci^^l  Engineers,  would  accept 
from  the  Society  a  sincere  expression  of  its  thanks  for  the  cordial  wording  of 
his  address  of  welcome.  While  it  is  true  that  year  by  year  the  profession  of 
engineering  is  speciahzing,  it  is  also  none  the  less  true  that  at  bottom 
all  engineering  is  one,  and  we  ask  that  Mr.  Kimball  and  his  society  ■will  rest  as- 
sured that  in  our  recognizing  the  achievements  with  which  he  and  his  associ- 
ates are  identified,  he  is  receiving  the  appreciative  recognition  of  fellow  crafts- 
men. They  would  ask  that  in  all  the  proffer  of  service  and  courtesy,  the  Society 
and  its  President  wiU  feel  assured  of  hearty  appreciation. 

Resolved,  That  in  the  action  of  the  New  England  Telegraph  and  Tele- 
phone Company  by  its  courtesy  in  putting  at  the  service  of  the  Society  at 
headquarters  a  comphmentary  telephone  ser\'ice  throughout  New  England, 
the  Society  recognizes  a  kindly  feeling  for  which  they  seek  in  this  way  to 
give  expression. 

Resolved,  That  the  thanks  of  the  Society  are  extended  to  the  American 
Telegraph  and  Telephone  Company  for  the  courtesy  whereby  the  headquarters 
of  the  Society  have  been  put  in  communication  with  the  entire  Long  Distance 
ser^^ee  of  the  country,  and  that  in  putting  this  ser\ace  at  the  disposal  of  the 
Society  and  its  members  during  their  stay,  the  Society  has  received  a  cour- 
tesy of  imusual  significance  and  for  which  their  thanks  are  due  and  given. 

In  pleasant  memory  of  the  distinguished  court esj'  of  the  reception  tendered 
to  the  Societ}'  in  1885  on  the  occasion  of  its  last  Boston  meeting,  the  American 
Societ}-  of  Mechanical  Engineers  would  express  to  the  Boston  Art  club  its  sin- 
cere thanks  for  the  courtesy  of  the  invitation  so  freely  extended  to  its  members 
to  enjoy  its  treasures  and  the  courtesies  of  its  home  during  the  continuance  of 
the  Boston  meeting.  The  pressure  of  the  other  engagements  of  a  somewhat 
mere  formal  character  has  prevented  any  considerable  number  from  availing 
of  this  courtesy,  but  none  the  less  is  it  heartily  appreciated  by  its  benefi- 
ciaries. 

Resolved,  That  the  thanks  of  the  Society  are  extended  to  the  Technology 
Club  through  Mr.  James  P.  Monroe,  its  President,  for  the  courtesy  of  being 
put  up  as  \'isiting  members  of  the  Club  during  the  days  of  their  stay  in  Boston. 
It  has  been  difficult  to  find  room  even  edgewise  for  the  social  and  personal  cour- 
tesies which  this  in\'itation  would  have  put  in  our  way. 

The  Society  would  ask  that  the  St.  Botolph  Club  will  accept  from  the  Society 
the  sincere  thanks  of  that  body  for  the  courtesy  whereby  its  members  have  been 
made  officially  members  in  enjoyment  of  the  Club  courtesies  during  the  days 
of  the  meeting.  The  privilege  of  the  house  committee's  invitation  which  they 
extended  to  the  Local  Committee  of  Arrangements  of  oiu"  meeting,  has  been  most 
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heartily  appreciated,  and  the  membership  at  large  can  only  regret  that  their 
previous  arrangements  and  the  full  programme  prevented  their  enjoying  their 
courtesies  wliich  were  extended  by  action  of  that  body. 

Resolved,  That  to  the  Fore  River  Ship  and  Engine  Co.  the  Society  extends 
its  sincere  thanks  for  the  privilege  of  a  visit  to  their  plant  on  Thursday  after- 
noon and  an  inspection  of  work  in  progress  and  of  their  facihties;  it  would 
extend  to  the  Company  it  sincere  wishes  that  on  the  foundation  already  laid 
a  historj'  of  success  and  prosperity  may  rear  as  a  superstructure  upon  which  the 
Society  may  look  with  pride  in  its  memory  of  the  Boston  meeting  of  1902. 

Resolved,  That  the  thanks  of  the  Society  are  due  and  extended  to  the  Edison 
Electric  Illmninating  Co.  for  the  courtesy  of  putting  their  power  plant  at  the  ser- 
vice of  the  Committee  and  the  Society  for  a  visit  of  inspection  on  Thursday 
afternoon. 

The  Society  feels  most  strongly  the  limitations  set  by  the  somewhat  formal 
character  of  the  preamble  and  resolution  when  it  seeks  to  express  to  a  body  such 
as  the  President  and  Trustees  of  the  Museum  of  Fine  Arts  its  recognition  and 
appreciation  of  a  courtesy  of  the  unique  and  impressive  sort  which  is  involved 
in  a  reception  such  as  was  tendered  to  it  on  Thursday  evening;  that  such  a 
reception  should  be  put  within  the  reach  of  the  Society;  that  in  tendering  it 
it  should  be  made  so  intrinsically  enjoyable  by  so  many  surrounding  conditions 
of  pleasure;  that  an  opportunity  should  have  been  given  to  the  Society  in  this 
way  to  meet  representative  citizens  of  Boston,  make  up  a  total  of  pleasure  and  of 
enjoyment  for  which  best  arranged  sentences  are  but  an  unsatisfactory  vehicle. 

The  Society  asks  that  Mr.  Saml.  D.  Warren,  President  of  the  Museum,  and 
those  associated  with  him  will  read  in  our  resolution  of  sincere  thanks  a  deeper 
feehng  of  the  personal  sort  than  is  revealed  by  the  reading  of  the  lines  them- 
selves. 

The  thanks  of  the  Society  are  extended  to  President  Chas.  W.  Eliot,  of  Harv- 
ard University  and  the  Fellows  and  Corporation  of  that  great  institution  for  the 
invitation  to  the  Society  that  it  should  be  the  guests  of  Harvard  for  its  closing 
session  on  Friday  morning.  They  would  ask  further,  that  in  providing  for  the 
entertainment  of  the  Society  at  its  Harvard  visit  and  for  the  courte.sy  and  dis- 
tinguished consideration  of  the  President's  address,  he  will  accept  on  his  own 
liehalf  and  that  of  his  associates,  a  profound  recogntion  of  all  that  such  greet- 
ings carry  with  them  of  good  feeling  and  kindly  consideration. 

When  it  comes  to  be  the  duty  of  husbands,  brothers,  and  friends  to  make  them- 
selves the  mouthpiece  of  the  ladies  of  the  Society  in  attendance  at  the  Boston 
meeting,  for  an  expression  to  the  Committee  of  Boston  Ladies  for  the  unre- 
mitting, beautiful  and  successful  attentions  of  which  they  have  been  the  channel, 
the  inadequacy  of  the  mere  man  for  a  responsibility  of  this  sort  makes  itself  most 
keenly  felt.  From  the  very  beginning  in  headquarters  on  Tuesday,  through  the 
drive  on  Wednesday,  through  the  trolley  ride  and  tlie  boat  trip  on  Thursday, 
and  including  the  presence  of  these  ladies  on  Friday,  the  Ladies'  Committee 
has  been  unceasing  in  its  attentions,  and  the  plans  for  the  entertainment  of  the 
visiting  ladies  have  been  so  well  laid  and  so  successfully  carried  out  that  the 
memory  of  these  entertainments  will  long  form  a  bright  spot  in  the  recollections 
concerning  the  Boston  meeting. 

To  Mrs.  F.  H.  Boyer  as  Chairman  of  this  Ladies'  Committee  and  to  those  who 
co-operated  with  her,  the  ladies  ask  that  the  sincere  thanks  of  that  entire  group 
may  be  poured  forth  through  this  channel  in  unstinted  measure. 
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And  last  of  all,  it  comes  to  the  placing  of  the  keystone  in  the  arch  of  success. 
The  Society  h;is  had  some  experience  individually  of  what  it  means  to  be  the 
responsible  host  of  a  Society  Convention,  but  it  has  never  been  anybody's  privi- 
lege to  be  the  host  for  such  a  meeting  as  this.  The  Boston  meeting  would 
have  been  a  success  anyhow,  but  very  much  of  the  brilliancy  of  that  success 
is  due  to  the  talent  and  unremitting  assiduity  of  the  Local  Committee.  It  must 
be  remembered,  also,  that  there  can  be  no  more  competent  and  kindly  judges 
than  Mechanical  Engineers  who  are  themselves  familiar  with  what  it  means 
to  carry  large  imdertakings  to  a  successful  issue. 

To  Mr.  Francis  H.  Boyer,  Chairman  of  the  Local  Committee  of  Arrangements, 
and  to  the  Chairmen  of  Sub-Committees  and  the  General  Committee,  the  Society 
would  seek  to  convej'  by  this  last  resolution  the  full  measure  of  its  appreciation 
for  the  success  of  a  meeting  which  will  doubtless  long  remain  a  distinguished 
and  phenomenal  event  in  the  Society's  history. 

It  is  impossible  to  express  adequately  by  a  fewbrief  words  the  full  and  enthusi- 
astic delight  of  the  visiting  members  and  it  is  left  to  the  individual  assurance 
which  each  member  is  asked  to  give  to  convey  to  these  gentlemen  the  full 
record  of  what  we  feel  we  owe  to  them. 

Resolved,  That  the  Secretary  be  directed  to  send  copies  of  these  resolutions 
to  the  persons  to  whom  they  refer  in  each  case. 

Resohed,  That  to  the  firms,  corporations  and  individuals  who  have  put  their 
works  or  establishments  at  the  service  of  the  members  of  the  Society  for  indi- 
vidual visits,  the  sincere  thanks  of  the  Society  are  extended  and  that  the  Secre- 
tary be  requested  to  convey  to  such  persons  the  sincere  appreciation  of  the 
Society  by  a  letter  of  recognition  after  the  adjournment  of  the  Convention. 


After  a  short  visit  through  the  engineering  building  the  mem- 
bers joined  the  ladies  for  luncheon  served  in  the  Memorial  Hall. 
It  had  been  the  original  purpose  to  serve  this  luncheon  in  the 
Harvard  Union,  but  the  size  of  the  party,  numbering  over  600, 
to  be  taken  care  of,  made  it  impossible  to  provide  for  them  in  any 
way,  except  in  the  large  diuing-hall  of  the  University.  President 
Eliot  after  the  luncheon  welcomed  the  Society  to  Harvard  Uni- 
versity, and  acting-President  Dodge  made  fitting  response. 

After  luncheon  the  members  separated  to  visit  the  museum  col- 
lections and  other  points  of  interest  in  the  University.  Very  com- 
plete maps  had  been  furnished  to  the  members  and  incorporated 
in  their  programme,  whereby  they  could  find  the  points  of  interest 
without  difficulty. 

For  the  entertainment  of  the  visiting  ladies  during  the  Boston 
meeting,  a  large  committee  of  resident  ladies  had  been  formed  and 
special  excursions  were  arranged  under  their  guidance. 

On  Wednesday  morning  a  ride  in  coaches  had  been  provided, 
through  the  beautiful  suburbs  and  part  of  the  park  system,  with 
a  luncheon  at  Woodland  Park  Hotel  at  Auburndale. 
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On  Tlnirsday  morning  the  ladies  were  escorted  in  trolley  cars 
over  the  lines  of  the  trolley  system  of  Boston,  into  the  subnrbs, 
the  ronte  bringing  them  to  the  boat  at  liowe's  Wharf  to  meet  the 
members  who  had  been  at  the  j)rofessioual  session. 

On  Friday  morning  the  ladies  were  invited  to  attend  memorial 
services  in  Sanders  Theatre  of  Harvard,  in  memory  of  the 
Harvard  men  who  had  died  during  the  Civil  War.  These  exercises 
are  regular  features  of  the  Memorial  Day  at  Harvard  and  are 
conducted  by  representatives  of  the  student  body. 

In  addition  the  Local  Committee  had  made  provision  for  in- 
dividual visits  to  points  of  personal  interest,  outside  of  the  pro- 
vision made  for  the  entertainment  of  the  Society  as  a  whole. 
These  were  listed  upon  the  regular  programme,  but  so  attractive 
was  the  official  programme  that  but  a  limited  number  of  members 
were  able  to  avail  of  these  facilities  provided  for  them  by  the 
Local  Committee. 
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MECHANICAL   STOKERS  EOR   LOCOMOTIVES.^ 

BT  FRED  B.  COLTIM,  NEW  YORK. 

(Member  of  the  Society.) 

1.  The  rapid  growth  in  the  size  of  locomotives  and  the  conse- 
quent increased  consumption  of  fuel  per  hour  have  brought  many 
of  our  railroads  face  to  face  with  the  problem  of  securing  men  to 
fire  them  satisfactorily,  for  the  fireman  has  not  increased  in  size 
and  cai^acity  as  has  the  locomotive.  The  question  of  economy  in 
coal  consumption  is  secondary  to  that  of  keeping  the  steam  pres- 
sure at  or  near  the  popping  point  in  order  to  secure  the  maximum 
work  from  the  engine. 

The  conditions  of  locomotive  practice  are  so  different  from  those 
presented  in  the  case  of  stokers  for  stationary  boilers  that  they 
have  seemed  almost  insurmountable,  although  much  time  and 
thought  have  been  spent  on  them.  These  difficulties  are  not  con- 
fined to  the  mechanical  problem,  for  the  selling  of  the  locomotive 
stoker  is  an  entirely  different  proposition  from  that  in  the  sta- 
tionary field.  In  the  latter  case  it  is  an  easy  matter  to  show  a 
marked  reduction  in  labor  cost,  and  this  saving  seems  to  appeal  to 
buyers  more  than  any  other.  In  the  case  of  the  locomotive  stoker 
there  can  be  no  reduction  in  labor  cost,  excepting  in  a  few  rare 
cases  where  two  firemen  are  employed.  This  takes  the  cost  of 
labor  entirely  out  of  the  field,  as  it  is  not  advisable  to  employ  un- 
skilled men  on  the  locomotive  equipped  with  a  stoker,  for  in  the 
event  of  the  possible  failure  of  the  machine,  the  engine  must  be 
fired  by  hand  until  the  end  of  the  run.  It  is  also  necessary  to 
train  engineers,  and  the  only  practical  way  of  doing  this  seems 
to  be  by  having  firemen  work  with  engineers  as  at  present. 

*  Presented  at  the  Boston  meeting  (May,  1902)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  volume  xxili.  of  the  Transactions, 

\  For  further  references  on  the  same  subject,  see  Transactions  as  follows  : 
Vol   xii..  p.  921  :    "Mechanical  Stokers,"     W.  R.  Roney. 
Vol.  xvii.,  p.  278  :    "Topical  Discussions." 

"        p.  558  :    "Experiments  with  Automatic  Mechanical  Stokers."    J.  M. 
Whitham. 
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2.  The  practical  advantages  of  the  locomotive  stoker  can,  per- 
haps, be  summed  up  as  follows : 

Increased  work  from  the  locomotive,  due  to  maintaining  a  maxi- 
mum working  steam  jjressure  under  all  conditions  of  service. 

Doing  away  with  the  necessity  of  constantly  opening  the  fire 
door  and  admitting  large  quantities  of  cold  air  into  the  fire  box, 
which  opening  tends  to  retard  combustion  and  also  has  an  injuri- 
ous effect  on  the  flue  sheet. 

Even  distribution  of  coal  over  the  whole  of  the  grate,  obviating 
thin  spots  through  which  cold  air  may  be  admitted  vdth  results 
as  injurious  as  when  coming  through  the  door,  or  even  more  so. 

Marked  decrease  in  black  smoke,  due  to  the  constant  and  steady 
firing  according  to  the  demands  of  the  boiler. 

Economy  of  coal  consumption,  resulting  from  the  steady  firing 
above  referred  to. 

3.  As  the  only  stoker  for  locomotive  use  of  which  I  know  is  the 
one  invented  by  Mr.  John  W.  Kincaid,  of  Cincinnati,  Ohio,  for- 
merly an  engineer  on  the  Chesapeake  and  Ohio  Railroad,  my 
paper  will  necessarily  be  confined  to  this  machine  and  its  work. 
Starting  with  the  idea  of  producing  a  mechanical  stoker  which 
should  take  the  place  of  hand  firing,  and  realizing  the  difficulty  of 
introducing  or  even  experimenting  with  a  stoker  which  would 
necessitate  any  radical  change  in  the  locomotive,  Mr.  Kincaid  de- 
signed his  stoker  to  be  attached  in  place  of  the  fire  door.  It  will 
be  noticed  that  it  is  a  mechanical  but  not  an  automatic  stoker,  as 
the  experience  of  the  practical  eng-ineer  showed  that  it  was  not 
feasible  to  attempt  automatic  stoking.  While  it  is  j^ossible  that 
ingenious  mechanism  might  be  devised  which  would  regulate  the 
amount  of  coal  fired  by  the  steam  pressure  in  the  boiler,  it  would 
greatly  complicate  matters,  and  hardly  be  as  effective  as  though 
tmder  control  of  a  skilled  fireman.  There  are  many  cases,  such 
as  preparing  for  a  hard  pull  up  hill,  where  the  fireman  will  antici- 
pate the  demand  on  the  boiler  and  prepare  for  it,  while  an  auto- 
matic device  must  follow  the  demand  instead  of  anticipating  it. 

The  Kincaid  stoker  is  fastened  to  the  fire  door  opening,  as  will 
be  seen  from  the  illustrations,  Figs.  163-165,  and  consists  of  the 
hopper  A,  ram  body  B,  ram  cylinder  C,  steam  chest  D,  door  frame 
E,  conveyer  cylinder  F,  its  valve  chest  //,  and  the  ram  b.  The 
conveving  screws  are  actuated  by  the  piston  in  cylinder  F,  which 
travels  up  and  down  and  operates  the  screws  by  the  ratchets  shown. 
Fig.  163. 
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The  amount  of  coal  fed  forward  to  the  ram  can  be  varied  by 
regulating  the  amount  of  steam  by  a  globe  valve  near  the  valve 
chest  U,  and  it  can  also  be  reduced  one-half  by  throvring  one  of 
the  screws  out  of  gear. 

4.  A  globe  valve  admits  steam  to  the  valve  chest  of  the  ram. 
The  motion  of  this  ram  is  controlled  by  an  ingenious  valve,  which 
gives  three  different  strokes  in  regular  order.  The  first  stroke 
takes  a  full  charge  of  steam  and  throws  the  coal  to  the  front  end 
of  the  fire  box ;  nest  comes  a  medium  stroke  which  takes  care  of 
the  middle  portion,  and  lastly,  a  stroke  which  hardly  does  more 


Fig.  Kit. — Stukkk  Ub.^dy  to  Attach.  Showing  Kam  B.     Door  Casting  E 

AND   DliFLECTOU    PLATE. 

than  push  the  coal  over  the  deflector  plate,  which  is  shown  bolted 
to  5. 

It  is  sometimes  asked  how  this  action  distributes  the  coal  across 
the  fire  box,  but  the  explanation  is  not  difficult  when  we  note  that 
the  exhaust  from  the  ram  cylinder  passes  along  under  the  ram  and 
goes  over  the  deflector.  It  is  an  ingenious  arrangement,  and  re- 
quired considerable  experimenting  to  secure  the  right  shape  for 
this  plate.  Mr.  Kincaid  tells  me  that  during  his  experimenting 
he  found  certain  shapes  of  deflector  plates  which  would  throw 
nearly  all  the  coal  along  the  sides  of  the  box,  and  other  shapes 
whicli  would  pile  it  up  in  the  back  corner.  Any  one  familiar 
with  the  intense  draught  in  a  locomotive  fire  box  would  naturally 
credit  this  with  a  tendency  to  assist  in  the  distribution,  but  I  am 
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informed  that  one  of  the  first  machines  gave  equally  good  results 
in  a  small  electric-light  i3lant,  where  the  draught  was  due  only  to 
a  chimney. 

5.  That  the  distribution  is  practically  perfect  is  proved  by  the 
fact  that  one  of  these  machines  has  successfully  fired  several  of 
the  largest  engines  on  the  Chesapeake  and  Ohio  Kailroad  in  which 
the  fire  box  was  41  inches  wide  and  11  feet  long.  It  was  my 
privilege  to  spend  a  day  on  one  of  these  locomotives  a  little  over 
a  year  ago,  and  in  a  nine-hour  run  the  hook  was  used  but  three 
times.     It  is  probable  that  even  this  would  have  been  unnecessarv 


Pig.  165.— Top  View,  Sho-wing  Conveying  Screws  .\nd  Auxiliary  Fire- Door. 

but  for  the  firing  done  at  various  stopping  points  to  show  the  work- 
ing of  the  machine  to  men  who  came  on  the  engine.  This  rather 
clogged  the  fire  and  necessitated  opening  it  up  with  the  hook. 

6.  As  an  illustration  of  the  range  of  capacity  of  this  machine, 
it  is  interesting  to  note  that  the  same  stoker  which  fired  the  engine 
just  referred  to  in  my  trip  from  Hinton,  W.  Va.,  over  the  moun- 
tains to  Clifton  Forge,  Va.,  had  been  previously  used  on  one  of 
the  lightest  passenger  engines  on  the  division.  Climbing  some  of 
the  hardest  gi-ades  over  the  mountains  the  stoker  was  speeded  up 
to  18  strokes  per  minute;  and  as  the  average  charge  was  5  or  6 
pounds,  this  gave  from  90  to  108  pounds  per  minute,  or  from 
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5,400  to  6,480  pounds  of  coal  per  hour.  The  machine,  however, 
has  been  run  experimentally  as  high  as  28  strokes  per  minute, 
and  can,  if  necessary,  throw  a  10-pound  charge  at  each  stroke. 
This  would  give  16,800  pounds  per  hour,  which  is  not  likely  to  be 
called  for  in  anj'  practice  or  with  any  grate  area  which  could  be 
supplied  by  this  machine. 

It  may  be  interesting  to  note  that  on  the  return  trip  of  this 
locomotive  it  was  fired  by  hand,  and  in  spite  of  all  the  regular 
fireman  coidd  do,  he  lost  50  poimds  of  steam  in  the  first  12  miles. 
On  tlie  day  previous  this  same  fireman  had  no  difiiculty  in  keeping 
up  steam  almost  to  the  popping  point  all  the  way  up  the  worst 
hills  on  the  division.  This  is  self-evident  proof  that  the  stoker 
enables  the  maximum  work  to  be  obtained  from  the  engine.  On 
this  occasion,  and  in  almost  every  case  where  the  stoker  has  been 
tried  experimentally,  it  is  simply  fitted  to  the  fire  door  and  the 
back  end  braced  up  with  a  block  of  wood,  or  possibly  a  false  deck 
is  put  on  the  engine.  This  was  the  case  on  the  large  locomotive 
referred  to,  and  the  fireman  was  obliged  to  shovel  every  pound 
of  the  coal  into  the  hopper,  which  was  thus  at  an  inconvenient 
height,  but  in  spite  of  this  he  told  me  that  it  was  the  easiest  trip 
he  had  ever  fired,  as  he  was  not  subjected  to  the  intense  heat  of 
the  fire  box  at  every  shovelful.  Only  those  who  have  stood  be- 
fore the  open  door  of  a  locomotive  fire  box  on  one  of  these  large 
engines  hauling  its  full  tonnage  behind  it  can  appreciate  the  ordeal 
to  which  the  fireman  is  subjected  almost  constantly. 

7.  The  line  drawing,  Fig.  167,  shows  how  a  standard  tank  can  be 
modified  so  that  the  coal  will  be  fed  into  the  hopper  by  gravity, 
and  the  fireman  will  have  nothing  to  do  but  run  the  stoker  and  per- 
haps assist  the  coal  occasionally  with  a  small  hand  rake.  In  most 
cases,  however,  the  jar  of  the  engine  will  do  all  the  feeding  that 
is  required.  Fig.  168  shows  a  conveyor  fitted  to  a  standard  tank. 
It  is  evidently  better,  however,  to  have  the  coal  so  that  it  will  feed 
by  gravity,  and  there  is  no  objection  to  placing  it  well  forwai'd 
as  is  done  on  the  Vanderbilt  tender. 

8.  It  apparently  handles  any  kind  of  fuel  from  anthracite  to 
lignite,  and  ranging  from  lump  coal  to  slack.  It  is  ad\-isable,  how- 
ever, to  have  the  coal  broken  to  approximately  uniform  size,  the 
same  as  in  hand  firing.  On  some  roads  this  is  done  by  machine 
before  the  coal  is  delivered  to  the  engine,  but  most  roads  let  the 
fireman  do  this  himself.  On  the  trip  mentioned  the  fireman  kept 
a  small  hammer  ready,  and  simply  cracked  the  large  lumps.     If, 
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however,  a  lump  larger  than  the  size  of  the  ram  should  get  into 
the  hopper  and  be  caught  by  the  ram  it  would  lift  the  auxiliary 
fire  door,  which  has  an  angle  apron  or  lip  for  this  purpose.  This 
door  is  large  enough  to  open  for  examination  of  the  fire  from  time 
to  time,  or  for  using  the  hook  if  necessary,  and  in  fact  is  as  large  as 
the  opening  of  some  of  the  tire  doors  used  on  a  few  of  the  Western 
mountain  roads.  With  the  hopper  tipped  back  as  shown,  the  loco- 
motive could  be  fired  by  hand  through  this  opening,  but  it  is  not 
necessary,  as  it  is  a  simple  matter  to  disconnect  the  steam  pipe 
and  swing  the  whole  stoker  to  one  side  or  even  unhook  it  entirely. 
One  of  the  eugineei-s  of  the  famous  "  F.  F.  V."  train  on  the 
Chesapeake  and  Ohio  Railroad  told  me  of  his  experience  with  one 
of  the  first  machines.  A  defective  casting  gave  way  when  they 
were  running  at  full  speed,  and  the  fireman  disconnected  the 
stoker,  swung  it  out  of  the  way,  and  commenced  firing  by  hand, 
without  dela^'ing  him  an  instant  or  even  causing  him  to  ease  up  on 
the  throttle. 

9.  I  regret  that  I  am  unable  to  present  any  data  as  to  the  exact 
performance  of  these  stokers,  such  as  fuel  economy,  prevention 
of  smoke,  prevention  of  leaky  flues,  and  increase  in  tonnage,  due 
to  their  use.  I  can,  however,  testify  to  the  practical  working  of 
the  device  from  actual  experience,  and  am  informed  by  Mr.  W.  S. 
Morris,  Superintendent  of  the  Chesapeake  and  Ohio  Railroad,  and 
other  officials,  that  there  is  a  marked  advantage  over  hand  firing. 
Some  of  the  reports  have  credited  it  with  a  saving  of  10  or  20 
per  cent,  in  fuel,  but  this  is  an  estimate  and  not  the  result  of  care- 
ful test.  It  seems,  however,  that  there  should  be  no  question  as 
to  some  saving  due  to  constant,  regular  firing. 

Others  inform  me  that  it  does  away  with  nine-tenths  of  the 
black  smoke  nuisance,  while  still  others  reduce  this  to  75  per  cent. 
With  dampened  coal  (and  without  this,  I  believe,  it  is  impossible 
to  secure  smokeless  firing  with  any  device,  as  the  fine  particles 
are  drawn  up  the  stack  before  they  can  ignite)  there  should  be 
a  marked  decrease  in  black  smoke. 

10.  One  road  tried  the  stoker  only  on  an  engine  which  leaked 
so  badly  that  it  could  not  be  run  when  fired  by  hand.  It  did  run 
with  the  stoker,  but  this  did  not  repair  the  engine,  for,  as  Mr.  Kin- 
caid  said,  it  was  a  stoker  and  not  a  flue  caulker. 

While  up  to  the  present  time  the  work  with  the  stoker  has 
been  largely  experimental,  it  is  but  fair  to  give  great  credit  to  Mr. 
J.  H.  Day,  a  well-known  manufacturer  of  Cincinnati,  for  his  fore- 
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sight  and  persistency  in  making  it  possible  for  Mr.  Kincaid  to  de- 
vote his  time  to  this  invention.  There  is  now  no  doubt  as  to  the 
machine  being  thoroiighly  practical,  and  it  is  quite  probable  that 
■u'ithin  the  course  of  a  few  months  it  will  be  manufactured  on  the 
scale  it  deserves. 

11.  Although  primarily  designed  for  a  locomotive  stoker  it  is 
admirably  adapted  for  marine  work  with  the  Scotch  boiler.  The 
fact  of  requiring  no  special  setting,  but  being  attachable  to  almost 
any  boiler  without  alteration  is  sure  to  appeal  to  the  man  who 
pays  the  bills,  as  in  case  it  should  not  meet  all  the  requirements, 
there  is  no  expense  or  delay  in  taking  out  the  de\ice  and  substi- 
tuting those  formerly  used. 

Up  to  the  present  time  the  stoker  has  been  applied  to  what  is 
kno^vn  as  the  narrow  fire  box  locomotive,  but  it  requires  simply 
a  modification  in  design,  and  probably  a  little  experimenting  into 
the  bargain,  to  adapt  it  for  wider  boxes.  In  the  so-called 
Wooten  fire  box,  Avhich  in  a  few  extreme  cases  is  9  feet  6  inches 
wide,  it  would  probably  require  two  machines,  one  for  each  door. 
But  in  view  of  the  fact  that  the  extremely  large  grate  is  not  well 
adapted  to  burning  bituminoiis  coal,  and  that  within  a  few  years 
this  is  likely  to  be  the  only  fuel  for  locomotives,  this  can  hardly 
be  called  much  of  an  obstacle. 

Another  locomotive  stoker  has  been  submitted  to  me  recently, 
on  the  plan  of  one  of  the  under-feed  stationary  stokers,  but  as  it 
necessitates  extensive  alterations  in  the  fire  box  before  applying 
I  do  not  see  how  it  is  to  make  much  headway  against  a  device  like 
the  Kincaid,  which  can  be  attached  with  practically  no  change  or 
expense. 

DISCUSSION. 

Mr.  R.  H.  Soiih. — As  this  is  a  novelty,  for  although  mechanical 
stokers  are  common  enough,  yet  their  application  to  locomo- 
tives is  certainly  a  novelty,  it  is  difficult  to  judge  of  the  efiiciency 
of  the  mechanism.  But  I  think  there  are  plenty  of  evidences 
that  there  is  a  large  field  for  a  mechanical  stoker  on  a  locomo- 
tive. Last  December,  Professor  Goss,  one  of  our  own  members, 
read  a  very  excellent  jiaper  before  the  New  England  Kailroad 
riub,  in  Boston,  called  "  Some  Factors  Afi'ecting  tlie  Power 
of  Locomotives,"  in  which  he  developed  a  plan  for  laying  out 
the  horse-power  curve  of  any  locomotive  from  which  you  could 


MECHANICAL   STOKERS   FOB   LOCOMOTIVES.  455 

read  directly  the  tractive  power  due  to  any  speed,  and  he  also  laid 
out  certain  parallel  enrves  resulting  from  deductions  from  useful 
effort  in  the  cylinders;  these  deductions  were,  first,  the  internal 
friction  of  the  engine;  second,  the  wind  resistance;  and  third,  the 
resistance  of  the  rolling  load  of  the  engine  itself  outside  of  the 
internal  friction ;  this  paper  was  very  widely  distributed  and  re- 
ported by  the  technical  press  and  brought  out  a  number  of  letters 
and  comments  on  it.  One  of  them  was  from  a  professor  of  one 
of  the  Western  technical  colleges,  who  had  a  number  of  records 
of  the  actual  performance  of  locomotives,  which  he  charted  to 
compare  them  Avith  Professor  Goss's  curves,  and  showed,  as  he 
stated  in  a  letter  to  the  "  Railroad  Gazette,"  that  the  curve  of 
performance  of  these  locomotives  which  he  had  charted  in  every 
case  fell  below  Professor  Goss's  minimum  curve,  which  raised  a 
question  in  his  mind  whether  there  was  not  some  mistake  in  Pro- 
fessor Goss's  assumptions  or  conclusions.  I  happened  to  meet 
Professor  Goss  soon  after  that,  and  asked  him  if  he  was  going  to 
answer  this  communication  and  how,  and  he  said  at  once  that  the 
answer  was  very  simple  indeed;  the  evidence  was  plain  that  these 
locomotives  which  had  been  charted  by  the  Western  correspondent 
were  not  worked  up  to  their  maximiim  performance,  and  that  his 
(Professor  Goss's)  curves  showed,  or  were  meant  to  show,  the 
maximum  performance  of  a  locomotive  based  on  its  horse-power 
capacity,  that,  in  turn,  being  based  on  its  heating  capacity.  It 
is  very  evident  to  those  who  have  followed  up  the  development  of 
the  locomotive  that  we  have  about  reached  the  capacity  of  the 
human  fireman  to  shovel  horse-power  into  the  fire  box  at  as  rapid 
a  rate  as  is  necessary  in  order  to  get  the  maximum  work  out  of 
the  locomotive,  and  it  seems  to  me  that  we  are  driven  up  to  the 
wall,  or  very  close  to  it,  in  that  matter,  and  will  have  to  depend, 
sooner  or  later,  on  mechanical  stokers  for  locomotives  if  we  are 
going  on  increasing  their  capacity  the  way  that  we  have  been  doing 
in  the  last  few  years. 

Mr.  George  L.  Fowler. — I  happened  to  see  this  stoker  on  exhibi- 
tion about  a  year  ago.  They  had  one  at  Saratoga  at  the  Master 
Mechanics'  Convention,  and  it  throws  the  coal  out  and  distributes 
it  very  evenly  over  the  fire.  But  there  is  some  little  difficulty  in 
getting  the  coal  into  the  back  corners  of  the  fire  box  close  to  the 
back  head.  It  comes  quite  close,  but  at  the  same  time  the  coal 
which  is  set  into  the  corners,  as  I  saw  the  machine  at  work,  is  de- 
pendent upon  getting  a  little  elevation  and  the  coal  going  down 
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tributed  very  evenly.     At  tlie  san  ,  an  engine, 

.vhich  the  fireman  is  apt  to  ^-P^^f  ^  ;;;^^4^™;'  i,to  the  corners 
so  that  he  usually  throws  an  extra  ^^^jf  ^^^^  hrough  the  fire 
,  order  to  V^^^^^X^Z^^ ^^  ^ -^^'  ^^ 
:r  rt  t£^Spea.e  and  O^^^^  ^or^^  ^JZ 

1       \    u    atifl  It  has  ffiven  very  satistactory  servn.,... 
and  a  half,  and  it  nas  giv  j  ^^      ^^^^j 

demand  for  mechanical  stokers  ^^^  ^j^'^^^  has  said,  the  heavy 
engines  dra^ving  heavy  trams;  as  M     Soule  1  as  ^.^^^ 

engines  .hich  have  recently  ^Jf- ^^  ^^^^  Has  been  found 

are  beyond  the  capacity  of  ordinary  fi  emen  and  ^^^^^^^^^ 

on  quite  a  number  of  ^^^'^  ^^Z^  ^'^^^^  --P^^ 
work  out  of  the  engme  -'^"'^VLxfS  enough  to  do  the  work 
cannot  shovel  coal  into  the  fire  box  fast  enoug  ^^^^^^  .^ 

which  the  engine  is  capable  ^ijo^ng^^^l        ^^^^^  ,^,  ,,,nd- 

objection  to  assigning  J-"  S^''^"^''".  ^'^Vwould  be  continual  quar- 
point  of  expense  and  also  because  thxe  Wd  b      ^^^  ^^^^^^^^^^ 

Lling  between  the  ^wo  --  «;;^^;;^^,  ,^  ,,e  proposition, 
and  that  is  really  one  of  the  serious  ^^.^^  .^  ^^^ 

This  stoker,  if  it  is  developed  along  the  line  ^^^^^^^^^ 

calculated  capacity.  gentleman  tell  us  how  the  coal 

Mr.  Jesse  ^•/-•^''rDiVfhe  p'ton  move  quickly  or  slowly? 

is  thrown  into  the  rear?     Does  the  pis  ^^  ^^^^^^  ^  ^^^^_ 

ilf,-.  Fowler.-lt  moves  quickly^     It^is  s^  ^  ^^^.^^^  ^, 

pult,  just  as  quickly  as  a  P-  -^^^^^^^  ^t  practically  the  same 
he  front  and  is  spread  out  ^^'l^^'J^l   J^^  to  the  shovel  just 

way  in  which  a  ^^.^^^^^^/.^^^t  ^  w^  ^  *^^  ^^"     ''  '^'"" 
as  the  coal  leaves  it  and  throw  ^^^^^J^^  ^^^,,^,,i  over  the 

down  in  a  shower,  and   as  ^^^  P^P/^JJ;    .g  ^he  middle,  and  a 
front  end,  then  a  short  stroke  t^^?J^;*^^''°  |,,t  the  main  trouble 

blown  through  the  fire.  .^  -^  ^^^    p^vi- 
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vation  has  been  that  that  is  something  which  needs  to  be  looked 
after  in  mechanical  stokers — that  there  should  be  some  definite 
method  of  cleaning.  Is  there  anybody  who  can  give  us  any  in- 
formation on  this  point? 

Mr.  Fowler. — The  fire  can  be  cleaned  the  same  as  an  ordinary 
hand  fire.  The  stoker  is  swung  on  a  swivel,  and  if  it  is  necessary 
to  clean  the  fire  at  the  top  and  haul  out  the  clinkers  it  can  be  done. 
Of  course,  shaking  the  grates  and  cleaning  underneath  is  accom- 
plished in  the  usual  way  with  the  stoker  in  position.  One  of  the 
great  advantages  of  the  stoker  is  that  it  keeps  the  door  shut  and 
avoids  the  continual  draught  of  cold  air  striking  against  the  tubes 
while  firing.  Again,  with  this,  as  with  any  other  mechanical 
stoker,  there  is  less  smoke  produced.  The  engines  run,  I  am  told, 
very  nearly  without  any  smoke  whatever.  Of  course  that  does 
not  mean  so  that  you  cannot  see  anything  coming  out  of  the  stack, 
but  it  is  good,  smokeless  combustion,  as  the  term  is  generally 
understood. 
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Ho.  933.* 

THE   FLYING    SHEAR. 

BY  V.  E.  EDWARDS,  "WORCESTER,  MASS. 

(Member  of  the  Society.) 

1.  In  the  engineering  office  of  a  past  president  of  this  Society 
the  question  of  cutting  metal  bars  while  in  motion  had  been  so 
carefully  discussed  that  in  1892  a  carte  blanche  order  was  ac- 
cepted for  a  mill  and  equipment  which  should  accomplish  unprec- 
edented results.  The  problem  was  to  take  two  and  one-half  ton 
ingots  after  they  had  been  worked  doAvn  on  a  34:-inch  reversing 
mill  to  a  long  bloom  having  a  cross  section  of  4  inches  by  5  inches, 
crop  the  first  end  of  the  piece  which  was  then  some  80  feet  in 
length,  roll  the  entire  ingot  to  a  section  1^  inches  square,  cut  it 
up  into  any  desired  lengths  from  15  to  30  feet,  cool  the  severed 
billets  and  load  them  on  cars.  The  stipulated  crop  waste  was  one 
crop  and  one  short  from  the  4  inches  by  5  inches  bloom.  This 
meant  rolling  a  1^  inch  square  section  over  600  feet  long  and 
cutting  it  into  20  or  more  billets  30  feet  long,  or  shorter  if  desired. 

2.  The  ground  available  was  a  triangular  space  scarcely  100 
feet  on  its  longest  side.  Within  this  100  feet  must  be  placed  the 
connecting  drawbridge  table,  the  preliminary  shear,  the  mill,  the 
finishing  shear,  and  the  elevator  for  taking  the  severed  billets  to 
a  high  overhead  conveyor,  which  should  carry  them  to  a  distant 
elevated  cooling  bed,  from  which  they  would  be  loaded  on  cars,  by 
gravity.  These  conditions,  of  course,  called  for  a  continuous 
mill  and  meant  that  the  billets  must  be  cut  while  in  motion  and 
close  to  the  finishing  pass. 

3.  The  mill  problem  was  interesting.  The  shear  problem  had 
in  addition  the  exhilaration  of  pioneer  work.  The  preliminary 
shear  must  be  able  to  cut  4  inches  by  5  inches  hot  steel,  and  to 
do  this  cutting  while  the  bloom  was  either  stationary  or  in  motion. 
The  shear  used  is  clearly  shown  in  Figs.  160  and  173.     This  is  a 

*  Presented  at  the  Boston  meeting  (May,  1902)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  TranmeHoM- 
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simple  hydraulic  shear  tnninioned  at  the  base  to  permit  the  knives 
to  travel  with  the  moving  hloom  dnring  the  instant  of  cutting. 
The  shear  at  the  finishing  end  of  the  mill  required  much  study. 


Fig.  169. — Original  Preliminary  Shear  built  for  .Jones  &  Laughlins  in 
1893.  This  is  Trunnioned  at  tue  Base,  allowing  the  Knites  to  Swing 
Through  an  Aec  about  Fifteen  Inches  Long.  The  Hydraulic  Con- 
nection IS  Made  Through  the  Trunnion,  as  is  Clearly  Shown.  The 
Keturn  Stroke  on  this  Shear  was  Made  by  Gravity. 


The  shear  knives  must  move  horizontally  as  fast  as  or  a  little 
faster  than  the  billet.  This  horizontal  movement  must  be  entirely 
independent  of  the  billet.  The  cutting  must  be  done  in  a  small  frac- 
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tion  of  a  second;  a  clear  passage  must  be  made  instantly  for  the 
oncoming  biUet ;  the  shear  must  complete  its  cycle  and  be  back  in 
its  original  position  ready  for  the  second  cut,  all  in  less  than  one 
second.  The  moving  parts  could  not  be  made  light,  as  the  shear 
was  to  cut  not  only  1^  inches  square,  but  any  size  up  to  9  square 


Fig.  171.— Sectional  Elevatton  op  Original  Small  Flying  Shear.  The 
Upper  Knife  is  free  to  Swing  about  the  Larok  Cross-head  Pin.  This 
Pin  has  a  Combined  Horizontal  and  Vertical  Motion,  as  indicated 
BY  CcEVED  Line. 

inches  section,  and  the  steel  was  liable  to  be  high  carbon  and 
quite  cool. 

4.  From  many  designs,  that  shown  in  Fig.  170  was  chosen.  Fig. 
171  shows  the  elementary  idea  more  clearly.  The  two  most  notice- 
able features  of  this  design  are,  first,  the  cutting  is  incidental  to 
the  forward  movement  of  the  shear;  second,  one  knife  is  hinged 
in  such  a  manner  as  to  swing  freely  out  of  the  way  of  the  on- 
coming billet  as  soon  as  the  cut  is  completed.  The  cutting  stroke 
is  made  by  a  hydraulic  cylinder  in  connection  with  a  steam 
intensifier. 
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As  tlie  first  end  of  the  advancing  1/illet  passes  between  the 
Imivcs  to  crop  the  first  end,  an  attendant  presses  a  small  lever. 
This  releases  the  steam  jjilot  valve,  which  in  turn  opens  the  main 
steam  valve.  The  steam  piston  rises,  forcing  the  confined  water 
into  the  shear-operating  cylinder.  The  stroke  of  the  cylinder  is 
24  inches.  Of  this  24-inch  stroke,  about  8  inches  are  used  in 
picking  up  the  clearance  and  in  getting  the  shear  knives  to  travel- 
ling as  fast  as  the  billet.  About  8-inch  stroke  is  used  for  the 
actual  ciitting,and  the  remaining  8  inches  are  used  for  clearance 
and  for  stopping  the  moving  parts.  The  instant  the  shear  begins 
to  slow,  the  oncoming  billet  quietly  pushes  the  hinged  ujDper  knife 
out  of  its  path.  Automatic  link  connections  reverse  the  steam 
valves,  and  the  return  stroke  is  made  by  means  of  a  small  plunger 
under  constant  hydraulic  pressure.  The  upper  knife  swings  back 
to  its  original  position  Avhile  the  return  stroke  is  being  made.  The 
swinging  knife  is  so  heavy  that  a  dash  pot  is  used  to  prevent 
slamming. 

5.  After  cropping  the  first  end,  all  subsequent  cuts  are  made 
automatically  by  the  advancing  end  of  the  billet  passing  under 
a  trigger  placed  30  feet  from  the  shear,  or  closer  if  shorter  lengths 
are  wanted.  The  first  machine  was  a  complete  success,  and  has 
been  in  constant  use  about  nine  years,  with  only  ordinary  repairs. 

The  next  shear  of  this  type  was  a  small  one,  for  cropping  the 
first  end  of  bars  while  running  between  consecutive  passes  of  a 
continuous  mill  and  for  cutting  and  diverting  the  bar  in  case  of 
a  cobble.  See  Figs.  171  and  172.  This  is  operated  by  a  boy,  who 
snaps  the  trigger  of  the  small  piston  valve  of  the  operating  steam 
cylinder.  Quite  a  number  of  these  have  been  installed,  and  they 
have  become  an  important  adjunct  in  rod,  hoop,  and  merchant 
mills.  The  original  shear  of  this  size  has  been  at  work  con- 
tinuously for  some  seven  years. 

6.  The  billet  mill  and  shear  gave  Jones  &  Laiighlins  such 
complete  satisfaction  that  the  Carnegie  Steel  Co.  ordered  a  simi- 
lar equipment  to  be  used  as  an  outlet  for  small  billets  from  their 
21-inch  mills  at  Duquesne.  To  operate  this  shear,  a  direct-con- 
nected steam  cylinder  was  used  somewhat  similar  to  the  small 
shear  which  had  given  such  good  results.  See  Fig.  173.  The  suc- 
cess of  this  installation  resulted  in  the  Carnegie  Co.  placing  an 
order  for  a  second  mill  and  shear  for  finishing  the  output  of  their 
new  40-inch  mill  at  Duquesne.  About  the  same  time  the  National 
Steel  Co.  ordered  a  similar  equipment  for  their  "  Ohio  "  plant  at 
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Youngstown.  More  recently  the  Republic  Iron  and  Steel  Co. 
have  ordered  five  shears  for  their  new  plant  in  the  same  busy 
city.  The  shear  at  the  "  Ohio  "  plant  is  the  fastest  running  billet 
shear  as  yet  installed;  it  is  regularly  cutting  1^-inch  steel  billets 
at  a  rate  of  2,000  tons  per  24:  hours,  provided  the  mill  is  kept  full. 
Very  high  speed  work  calls  for  diflferent  treatment.      In  1894 


Fig.  172  — Origixai.  Small  Fi.ting  Shear  as  Installed  bktwkem  Passes  of 
THE  First  CoNTrauou.s  Cottos-Tie  Mill  and  since  Adopted  as  an 
Impoktant  Ad.j(j\ct  to  Continuous  Rod  Mills  fou  Chopping  the  First 
End  of  Bars  betwben  the  Rouguinc.  and  Finishing  Parts  of  the  Mill. 

the  Union  Iron  and  Steel  Co.  of  Youngstown,  Ohio,  placed  a 
blanket  contract  for  equipment  to  roll  cotton-tie  from  a  billet 
weighing  225  pounds  (the  common  practice  in  rolling  ties  at  that 
time  was  to  use  a  billet  weighing  1.5  pounds).  In  this  mill  every- 
thing was  without  precedent,  continuous  furnace,  continuous  roll 
trains,  continuous  shearing,  and  continuoiis  cooling.  It  is  need- 
less to  say  that  much  trouble  was  experienced.  Perhaps  the  most 
serious  and  expensive  annoyance  was  the  discouragement  of  the 
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workmen  by  their  doubting  and  pessimistic  friends.  In  this  mill 
it  was  necessary  to  cut  hot  cotton  tie  seven-eighths  of  an  inch  in 
width  by  five  one-hundredths  of  an  inch  in  thickness,  and  to  do 
this  cutting  while  the  hot  tie  was  travelling  at  a  speed  of  some 
25  feet  per  second.     The  cutting  in  itself  did  not  give  much 


Fig.  173.— First  Premminart  and  Flyikg  Shears  built  for  Caunegie  Steei, 
Co.  On  the  Preliminary  Shear  is  seen  the  simple  Lost  Motion  Link, 
BY  AID  OF  wiiirn  Gravity  Returns  the  Shear  to  its  Upright  Position, 
after  being  TrLETD  over  by  the  Bloom  Moving  while  being  cut. 
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trouble,  neither  did  falling  from  the  roof  injure  our  traditional 
Irish  friend.    In  both  cases  the  trouble  all  came  in  the  stopping. 

7.  Think  of  having  some  150  hot,  limber  cotton-ties,  11  feet  6 
inches  long,  limp  almost  as  wet  tissue  paper,  shot  out  endwise 
in  one  minute  with  no  clearance  between  the  ends.  The  momen- 
timi  would  slide  them  over  20  to  40  feet  of  rough  iron  floor.  Let 
the  least  obstruction  get  in  the  way  and  a  large  pile  of  scrap  was 
instantly  made.  These  difScidties,  however,  were  soon  overcome, 
and  the  arrangements  used  gave  excellent  satisfaction  for  cot- 
ton-tie. 

The  shear  used  is  shown  in  Fig.  174.  The  knives  were  carried 
on  two  conical  drums  geared  together.  In  order  to  get  long 
lengths  without  having  large  drums,  small  drums  were  used  with 
the  upper  one  carried  in  a  hinged  frame,  the  free  end  of  this 
frame  was  supported  through  connecting  rods  by  eccentrics  on 
a  shaft  which  was  driven  at  one-half,  one-third,  or  one-fourth  of 
the  number  of  the  revolutions  of  the  drum.  By  this  means  the 
knives  did  not  quite  meet,  and  consequently  did  not  cut  the  thin 
tie  except  on  multiple  revolutions.  By  shifting  the  position  of 
the  knives  on  the  cone,  and  by  the  use  of  change  gears  on  the 
eccentric  shaft,  any  length  desired  could  be  cut  accurately. 

8.  For  barrel  hoop  it  appeared  desirable  to  cool  the  hoop  be- 
fore allowing  the  severed  strips  to  overlap,  otherwise  the  hoop 
would  look  streaked  and  not  have  the  beautiful  blue  finish  ac- 
quired by  uniform  cooling  with  free  exposure  to  the  air.  It  was 
also  desirable  to  be  able  to  cai'ry  stocks  in  coils  from  which  small 
orders  could  be  shipped  promptly,  cut  to  any  specified  length. 
These  conditions  led  to  air-cooling  the  hoop  by  looping  it  out  on 
an  advancing  ajiron  and  then  reeling  or  coiling  the  hoop  as  it  was 
delivered  at  the  far  end  of  the  apron  after  it  was  sufficiently  cool 
to  have  acquired  and  to  hold  its  finish.  These  tightly  wound  coils 
were  then  either  placed  in  stock  or  cut  up  at  once  on  shears  en- 
tirely apart  from  any  interdependence  with  the  rolling. 

The  shears  shrowu  in  Figs.  175  and  176  were  quite  compact  and 
readily  adjustable.  The  leading  feature  of  these  shears  is  the 
simple  method  of  getting  rotary  shears  to  cut  long  lengths  without 
complication  or  large  diameters.  This  was  accomplished  by  mak- 
ing the  jiitch  diameter  of  the  upper  and  lower  cutting  heads,  to- 
gether with  their  gearing,  of  different  diameters.  For  example : 
If  the  gears  have  the  ratio  of  4  to  3,  it  will  be  seen  that  the  knives 
would  come  in  opposition  but  once  in  3  revolutions  of  the  large 
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head,  or  4  revohitions  of  the  small  head ;  this  allo'^vs  the  diameter 
of  the  cutting  heads  and  gears  to  be  reduced  in  the  same  iJropor- 
tion. 


-FkuM   \  ll,\\    lib    ))ll  1- blltNUAL  ROTAUY  Fl.YIXll 

Hot  ou  Cold  High  Speed  Cdtting. 


MIEAR   FOK    EITIIEll 


9.  Cutting  up  material  while  in  motion  is  not  broadly  new. 
We  are  all  familiar  with  many  appliances  for  this  work,  ranging 
from  the  old  hay  or  feed  cutter  to  that  imposing  organization,  the 
modern  newspaper  press.     Cutting  metal  bars  while  in  motion 
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had  been  accomplislied,  for  example,  in  rolling  horse  shoes  and 
some  other  lines.  Yet,  considering  the  state  of  the  art  at  that 
time,  much  credit  is  due  Messrs.  Jones  &  Laughlins  for  the 
firm    confidence    with    Avliich    thev    installed    nn    expensive    and 


Fig.  176. — Rear  View  of  Differknttai,  Hotai^v  Fi.yino  Shear.    Note  Dif. 
ference  in  diameter  of  gears  and  of  c'utter  heads  on  fl.oor. 


elaborate  continuous  mill  and  accessories  while  fully  realizing 
that  the  success  or  failure  of  the  whole  equipment  was  entirely 
dependent  on  something  so  little  demonstrated  at  that  time  as  the 
Flving  Shear. 
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No.  934.* 

A   SWIVELLING  JOINT  FOR  A   SIXTEEN-INCH  HIGH 
PRESSURE  STEAM  MAIN. 

BT    R.    E.    CURTIS,    BOSTON,    MASS. 

^Member  of  the  Society.) 

1.  All  engineers  will  probably  agree  that  slip  or  swivelling 
joints  in  steam  lines  are  commonly  undesirable.  Nevertheless, 
there  are  frequently  cases  in  which  some  form  of  such  joint  can- 
not be  avoided,  and  it  becomes  of  importance  to  reduce  its  in- 
herent disadvantages  to  a  minimum.  The  swivelling  joiut  here 
described  was  designed  to  meet  a  special  situation,  but  its  size  and 
construction  are  such  as,  perhaps,  to  make  it  of  some  general 
interest.  The  problem  presented  was  that  of  making  a  full-sized 
connection  between  the  ends  of  two  16-iach  mains,  carrying  160 
pounds  pressure,  Iving  parallel  to  each  other  and  of  such  length 
that  the  relative  movement  of  the  ends  by  reason  of  expansion 
amounted  at  tiaies  to  several  inches. 

2.  The  first  form  of  connection  to  suggest  itself,  and  in  all  re- 
spects the  most  desirable,  had  it  been  practicable,  was  by  a  simple 
loop  of  pipe.  A  little  calculation,  however,  showed  that  this  could 
not  be  used  without  danger  of  excessiA'e  stresses  being  set  up. 
Then,  several  forms  of  flexible  connection  were  investigated,  and 
the  final  design  adopted  as  being  on  the  whole  most  satisfactory 
in  the  following  particulars :  (a)  reasonable  form  and  dimensions, 
(b)  form  and  arrangement  of  parts  under  stress,  (c)  least  number 
of  joints  requiring  packing  and  removal  of  those  from  points 
where  water  might  collect.  All  details  were  designed  for  a  work- 
ing pressure  of  225  pounds. 

3.  Each  joint  consists  of  two  elbows  held  together  by  a  system 
of  links — a  flange  bolted  to  the  upper  elbow  and  a  length  of  pipe 
projecting  downward  from  the  flange  into  a  stuffing  box  formed 
in  the  lower  elbow,  as  in  Fig.  177.     Two  of  these  joints  are  used, 

*  Presented  at  the  Boston  meeting  (May,  1902)  of  the  American  Society 
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the  lower  elbows  being  secured  to  the  ends  of  the  mains  and  the 
upper  elbows  joined  by  a  length  of  pipe.  The  elbows  and  flanges 
are  of  air-fiirnace  gun-iron  and  are  of  substantial  dimensions.  The 
pipe  is  a  piece  of  16-inch  O.  D.  pipe,  1.")^  inches  inside  diameter, 
finished  smooth  on  the  outside.  The  gland  and  the  ring  at  the  bot- 
tom of  the  stuffing  box  are  of  composition,  the  former  being  held  in 
l)lace  by  six  studs,  three  of  which  are  long  enough  to  hold  it  in  a 
l)Osition  to  allow  the  packing  to  be  easily  gotten  at.  The  ring  and 
each  end  of  the  gland  are  made  easy  fits  about  the  pipe.  The  end- 
wise pressure  is  taken  up,  and  at  the  same  time  the  rotation  of 
the  joint  provided  for  by  six  mild-steel  links  carefully  fitted  and 
so  proportioned  that  the  entire  load  can  be  borne  by  three  with 
ample  margin  for  safety.  These  links  with  their  supporting  bolts 
form  a  simjjle  system,  which  insures  a  fairly  even  distribution  of 
stresses  and  is  always  open  to  observation. 

4.  Each  complete  joint  is  carried  by  a  sliding  support  consisting 
of  a  chair  cast  separately  (to  avoid  complication  of  the  pressure 
part)  and  bolted  to  the  lower  elbow  and  a  bearing  plate  anchored 
to  the  masonry  floor.  The  stuffing  box  was  made  of  generous 
depth,  and  so  proportioned  that  metallic  packing  could  be  em- 
ployed if  desired,  but  so  far  only  asbestos  packing  has  been  used, 
and  the  joint  has  ordinarily  been  perfectly  tight. 

5.  Conditions  imforeseen  at  the  time  of  making  this  installation 
have  led  to  a  radical  rearrangement  of  the  entire  system  of  steam 
mains,  so  that  a  connection  of  this  kind  will  no  longer  be  needed, 
and  the  swivels  will  go  out  of  service  during  the  present  year. 
However,  had  this  not  been  done,  there  is  every  reason  to  believe 
that  they  would  have  continued  to  serve  satisfactorily  as  long  as 
any  other  part  of  the  mains.  Certainly  they  have  in  almost  three 
years  of  service  proven  so  satisfactory  and  required  so  little  at- 
tention that  there  would  be  no  hesitation  about  duplicating  the  con- 
struction under  similar  conditions. 

m 

DISCUSSION. 

Mr.  John  D.  Riggs. — It  may  be  said  that  expansion  joints  are 
a  thing  to  be  avoided  where  possible,  but  it  may  not  always  be  pos- 
sible to  avoid  the  use  of  them. 

Four  years  ago,  in  connecting  four  large  engines  to  their  boilers, 
a  swivel  joint  was  used,  which  is  somewhat  cheaper  than  the  one 
illustrated  in  this  paper.     I'he  openings  of  these  engines  were  one 
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18-inch  diameter  and  three  16-inch  diameter,  upward,  about  15 
feet  from  the  wall  of  the  mill,  12  feet  above  the  floor,  and  from 
60  to  70  feet  apart.  From  the  boilers  to  the  nearest  engine  is 
some  200  feet. 

I  solved  this  problem  by  rimning  two  lines  of  pipe — one  20-inch 
diameter  and  the  other  IS-inch  diameter — along  the  wall  of  the 
mill  and  putting  Ts  opposite  the  iirst  and  third,  and  elbows  oppo- 
site second  and  fourth  engines  opening  upward  and  on  a  level  with 
the  engine  openings.  A  length  of  pipe  about  11  feet  long  with 
an  elbow  on  each  end  completed  the  connection.  These  elbows 
are  standard  fittings  with  tongue  and  groove  for  packing,  but  the 
bolts  used  here  were  ^  inch  larger  in  diameter,  and  the  bolt  holes 
at  the  head  end  of  bolts  were  elongated  to  allow  the  elbows  to 
swivel  on  their  horizontal  faces. 

This  form  of  swivel  joint  was  not  used  on  account  of  its  cheap- 
ness, but  because  a  travelling  crane  prevented  the  use  of  a  joint 
similar  to  the  one  used  by  Mr.  Curtis. 

These  joints,  eight  in  all,  have  been  working  satisfactorily  under 
120  pounds  steam. 

Mr.  Curtis* — I  have  noted,  with  interest,  Mr.  Riggs's  descrip- 
tion of  his  exj^ansion  device,  and  what  he  says  of  its  performance 
would  seem  to  indicate  that  it  was  a  satisfactory  design  for  that 
situation. 

I  have,  however,  grave  doubts  whether  such  a  construction 
would  be  satisfactory  under  the  higher  pressures  common  in  cen- 
tral station  service.  It  is  my  conviction  that  when  flanges  have 
been  bolted  up  as  firmly  as  is  necessary  to  maintain  the  tightness 
of  joints  under  such  conditions,  that  slipping  of  the  contact  sur- 
faces will  not  take  place,  and  that,  in  such  cases,  the  piping  should 
be  so  proportioned  that  the  expansion  can  be  entirely  taken  up 
by  springing  the  pipes  within  the  limits  of  safe  working  stresses ; 
and  where,  for  any  reason,  this  cannot  be  done,  some  form  of  con- 
nection of  assured  flexibility  should  be  used. 

Of  course  it  is  to  be  understood  that  the  device  shown  in  the 
paper  is  not  capable  of  unlimited  application,  but  has  been  very 
successful  under  the  conditions  for  which  it  was  designed. 

*  Author's  closure,  under  the  Bules. 
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1.  It  is  the  intention  in  this  paper  to  describe  the  Coal  Storage 
Plant  of  the  Lowell  Cias  Light  Company,  Lowell,  Mass.,  but  we 
shall  also  touch  on  the  general  construction  of  such  plants. 

Previous  to  the  building  of  the  new  storage  plant,  old  shallow 
wooden  sheds  were  used,  some  of  w^hich  were  very  antiquated; 
no  modern  system  of  conveying  machinery  of  any  kind  was  used, 
and  the  cost  of  handling  coal  was  quite  high.  When  it  became 
evident  to  the  management  of  the  Gas  Company  that  large  im- 
provements would  have  to  be  made  in  all  parts  of  their  plant  in 
order  to  reduce  the  cost  of  manufacture  and  to  increase  the  output, 
they  were  at  first  inclined  to  allow  the  storage  buildings  to  remain 
as  they  were,  except  that  coal  handling  machinery  over  the  old 
storage  was  proposed.  Having  in  mind,  however,  their  probable 
future  requirenu^nts  and  considering  the  limited  space  they  had 
for  remodelling  and  extending  the  other  parts  of  their  plant,  they 
finally  decided  to  put  up  a  large,  modern  and  substantial  storage 
plant,  to  hold  25,000  tons,  about  twice  the  previous  capacity. 

2.  It  will  be  noted  by  Figs.  178  and  181  that  the  coal  storage 
Iniilding  runs  parallel  to  the  Boston  &  Maine  Railroad,  the 
track  immediately  adjoining  the  shed  being  on  the  Gas  Company's 
property.  This  arrangement  allows  ten  cars  to  be  placed  on 
this  siding  at  one  time,  and  \^'ith  the  unloading  hopper  in  the 
middle  of  the  length  of  the  building  one-half  of  these  cars  can  be 
loaded,  so  that  unloading  and  moving  of  cars  can  be  carried  on  con- 
tinuously, without  shifting  engine.  There  would  have  been  some 
advantage  in  running  the  building  at  right  angles  to  the  position 
decided  on,  as,  with  one  end  of  the  building  against  the  railroad 
siding,  the  coal  conveyor  would  have  a  straight  run,  so  that  it 
would  not  be  subject  to  the  extra  wear  and  tear,  and  require  the 

*  Presented  at  the  Boston  meeting  (May  1903)  of  the  American  Society 
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constant  extra  power  necessary  to  pass  round  the  turns  of  the  tun- 
nel leading  under  the  unloading  hopper.  Also  under  this  con- 
struction the  concrete  shaft  in  the  centre  of  the  building  would 
not  be  required.  It  was  necessary,  however,  to  locate  the  building 
ia  the  position  decided  on  because  they  could  not  disturb  the  pres- 
ent coal  sheds  and  retort  house,  as  it  was  necessary  to  run  them 
continuously  while  the  new  buildings  were  being  constructed,  and, 
further,  the  general  scheme  required  the  space  of  the  old  coal 
sheds  for  other  imiirovements. 

3.  In  the  design  of  the  plant,  every  effort  was  made  to  obtain 
not  only  a  useful  and  permanent  but  handsome  structure,  if  a  coal 
storage  can  be  called  handsome.  It  is  a  steel  frame  structure  with 
concrete  walls,  foundations,  and  floor  and  with  a  tile  roof  resting 
on  steel  purlins.  It  is  fireproof  throughout,  well  ventilated  and 
lighted,  protected  as  much  as  possible  from  corrosive  influences 
and  arranged  so  that  the  pocket  can  be  expeditiously  emptied 
should  there  be  fire  from  spontaneous  combustion,  or  other  causes. 
The  steel  truss  is  braced  from  the  outside  of  the  building,  the  main 
columns  being  vertical ;  with  this  construction,  these  columns,  with 
the  concrete  wall,  form  the  bulkheads  for  the  coal;  the  inclined 
back  leg,  forming  the  brace  at  each  column,  is  outside  of  the  stor- 
age and  supports  the  overhang  (see  Fig.  179). 

4.  A  further  reason  for  the  use  of  this  construction  is  that  an 
inclined  floor,  with  a  tunnel  in  the  centre  of  the  building,  was  re- 
quired, and  these  conditions  made  it  impossible  to  put  in  tie  rods 
across  the  building  to  unite  the  bases  of  the  main  columns,  and  thus 
take  more  of  the  wind  strains  and  the  pressure  of  the  coal  against 
the  sides  of  the  building. 

The  shallow  truss  with  bottom  chord  parallel  to  the  top  chord 
makes  it  impossible  for  the  coal  to  reach  the  truss  at  any  poinx, 
while  the  channel  tie  across  the  centre  of  the  truss,  near  the  ridge, 
forms  a  support  for  the  conveyor.  It  may  be  noted  that  the  build- 
ing is  without  a  ridge  strut,  but  the  two  girders  on  either  side  of 
the  ridge  answer  the  purpose,  and  at  the  same  time  form  a  support 
for  the  conveyor,  as  well  as  a  guard  for  the  foot  walk.  The  shallow 
inclined  truss,  with  the  tile  and  glazed  roof,  together  with  the  con- 
crete walls  and  floor,  gives  the  inside  of  the  building  a  neat  and  sub- 
stantial appearance,  while  the  overhang  on  the  sides,  together  with 
the  tile  roof,  and  the  octagonal  ends  makes  the  exterior  appearance 
pleasing. 

5.  The  floor  and  foundations  of  the  structure  are  made  of  con- 
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Crete,  the  foimdations  having  an  inclined  back  wall  slanting  away 
from  the  building.  The  building  is  so  designed  that  the  main  col- 
umns have  no  horizontal  thrust  at  the  base,  but  the  small  inter- 
mediate columns  have  the  thrust  of  the  coal  at  their  base,  thus 
taking  care  of  the  jriressure  of  the  coal  against  the  sides  of  the 
building. 

The  roof  is  covered  with  Ludovici  tile,  the  finish  of  the  tile 
being  what  is  known  as  non-glazed  or  semi-jjorous.  Except  for  its 
expense,  glazed  tile  would  be  satisfactory  for  this  structure,  be- 
cause any  sweating  and  dripping  inside  of  the  building  would  do  no 
harm.  Uuglazed  and  semi-porous  tile,  well  burnt,  is  necessary  in 
such  buildings  as  a  power  house  or  machine  shoj:),  so  that  there  may 
be  none  of  this  dripping.  The  tile  does  not,  as  might  be  expected, 
freeze  and  crack  in  cold  weather  from  the  absorption  of  water. 
During  a  cold  spell  last  winter,  lasting  almost  two  weeks,  the  shed 
became  covered  with  ice  and  snow,  mostly  ice,  to  an  average  depth 
of  four  inches,  but  the  tile  has,  apparently,  not  been  injured. 

6.  Light  is  obtained  principally  through  skylights  in  the  roof, 
made  of  glass  tile  of  tlie  same  form  and  size  as  the  ordinary  tile 
and  laid  on  the  roof  in  the  same  manner.  Additional  light  and 
ample  ventilation  is  obtained  from  the  opening  between  the  roof 
and  the  top  of  the  wall. 

It  is  to  be  noted  that  the  coal  in  this  building  is  stored  on  the 
ground  and  not  in  an  elevated  structure;  wherever  possible,  it 
would  seem  that  coal  should  thus  be  stored,  and  where  this  is  im- 
practical it  is  imi^ortant  that  the  inside  of  the  storage  be  entirely 
lined  with  concrete,  so  that  no  j^art  of  the  supporting  steel  work  is 
exjDosed  to  the  corroding  action  of  the  coal. 

Public  attention  has  recently  been  called  by  Mr.  Sooysmitli  to 
the  possible  danger  due  to  corrosions  in  tall  steel  frame  office  build- 
ings, but  danger  from  this  source  is  largely  accentuated  in  a  coal 
storage,  with  its  sulphur  and  other  corrosive  substances.  For  this 
reason,  where  a  permanent  and  costly  structure  is  to  be  built,  as 
is  usual  in  the  case  of  large  power  houses,  coal  bins  lined  with  steel 
plates  should  not  be  used,  as  they  are  liable  in  time  to  become  a 
menace  to  life  and  property. 

7.  In  the  case  of  Lowell,  all  main  columns,  and  as  far  as  j^ossible 
the  intermediate  columns,  are  entirely  covered  with  concrete.  The 
steel  work  which  is  exposed  cannot  be  reached  by  the  coal,  can 
readily  be  painted  and  is  made  throughout  of  heavy  material. 

The  coal  storage  pockets  of  the  power  houses  of  both  the  Man- 
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hattan  Kaihvay  Company  and  the  Metropolitan  Street  Eailway 
Company,  of  New  York,  are  steel  structures,  and  are  constructed 
along  the  lines  indicated  (Fig.  IT'.'),  the  steel  framework  being 
covered  with  concrete.  The  Manhattan  Eailway  Company  adopted 
the  Columbian  system,  Avhich  consists  of  putting  in  small  special 
beams  about  2  feet  apart,  thus  allowing  the  main  beams  to  be 
spaced  further  apart  than  otherwise.  They  are  thus  able  to  iise 
a  less  thickness  of  concrete  and  effect  a  saving  in  weight,  cost  and 
sj^ace.  Another  similar  and  very  good  construction  in  use  is  either 
expanded  metal  or  wire  netting  covered  with  concrete.  The  es- 
sential point  is  to  have  the  steel  framework,  and  especially  the 
joints,  entirely  surrounded  and  imbedded  in  concrete,  as  under 
these  cii'cumstances  steel  will  not  corrode. 

8.  On  account  of  the  limited  sjiace  on  the  property  for  the  coal 
storage  plant,  it  was  necessary  to  keep  the  building  narrow,  and 
consequently  coal  had  to  be  jailed  to  the  considerable  depth  of  40 
feet.  It  was  therefore  thought  best  to  design  the  i^ocket  so  that 
it  could  be  promjjtly  emptied  in  case  of  fire  from  spontaneous 
combustion,  or  other  causes.  With  this  in  view  the  floor  was 
given  a  pitch  of  fifteen  degrees  towards  the  tunnel  in  the  centre 
of  the  biiilding,  so  that  the  two  sides  can  be  easily  and  well  drained 
of  coal  by  the  conveyor;  that  it  is  so  is  shown  by  the  photograjih 
of  the  interior  (Fig.  180),  which  was  taken  after  the  shed  had  been 
filled  and  emjDtied.  In  order,  however,  to  exj)edite  the  removal  of 
coal  in  case  of  fire,  two  jjanels  in  the  sides  out  of  every  five  were 
made  of  removable  steel  buckle  plates  with  a  movable  column  in 
the  centre;  these  can  be  imbolted  and  moved  promptly  and  coal 
can  be  taken  out  of  this  opening;    it  is  10  feet  wide. 

In  connection  with  this  matter  of  spontaneous  combustion,  the 
upright  wrought  iron  jnpes  seen  in  the  photograph  of  the  interior 
(Fig.  ISO)  are  to  be  noted.  These  were  installed  by  the  superinten- 
dent, Mr.  T.H.  Ilintze,  with  a  view  to  determining,  approximately, 
the  temperature  of  the  coal  by  means  of  a  thermometer  held  at  the 
iipper  end  of  the  pipe.  In  this  manner  any  coal  in  the  storage 
which  shows  signs  of  becoming  heated  can  be  conveyed  to  the 
retort  house  and  used. 

9.  Reverting  to  the  machinery,  the  conveyor  (Fig.  182),  is  of  the 
gravity  bucket  type,  in  which  the  buckets  are  IS  inches  wide  by  24 
inches  long,  pivoted  in  the  chain  in  such  a  manner  that  while  they 
maintain  themselves  normally  in  an  upright  position, they  can  turn 
through  a  complete  revolution.    The  chain  is  composed  of  double 


STEEL   AND    CONCRETE    CO.VC    STORAGE    PLAXT.  J:81 


Fig.  182, 


Fig.  183. 


482  STEEL   AND    CONCKETE    COAL    STORAGE   PLANT. 

flat  links  of  steel,  aud  the  conveyor  moves  about  40  feet  per 
minute. 

The  driving  mechanism  is  located  in  the  truss  and  is  operated 
by  two  6x8  steam  engines  of  non-freezing  type.  This  mechanism 
is  peculiar,  from  the  fact  that  instead  of  sprocket  wheels  the  chain 
is  driven  by  pawls,  thus  reducing  the  wear  and  imparting  a  smooth 
and  uniform  motion.  The  machinery  receives  the  coal  from  the 
hopper  under  the  railroad  tracks,  cracks  the  lumps  to  a  uniform 
size  and  carries  them  without  transfer  to  any  part  of  the  building. 
When  the  new  retort  house  is  completed,  coal  will  be  taken  from 
any  part  of  the  storage  and  will  be  delivered  to  a  separate  con- 
veyor leading  to  such  retort  house.  It  is  to  be  observed  that 
all  the  functions  of  receiving,  cracking  and  rehandling,  are  per- 
formed by  the  conveyor,  the  receiving  section  of  which  can  be 
detached  when  rehandling  coal  from  storage.  T!ic  cdal  is  drawn 
into  the  conveyor  by  means  of  adjustable  cast  iron  valves  (Hg. 
182),  which  have  no  sliding  surfaces.  When  the  valves  are  closed, 
the  eohmin  of  coal  above  does  not  tend  to  open  them.  Before  the 
valve  is  ojien  the  filler  (Fig.  183),  whicli  runs  up  and  down  the 
length  of  the  tunnel,  is  jilaced  in  position  under  such  valve;  the 
coal  then  passes  through  the  filler  to  the  conveyor. 

10.  In  general  it  is  to  be  noted  that  the  plant  has  been  de- 
signed with  a  view  to  securing  a  durable,  neat  and  suitable 
structure,  and  no  reasonable  expense  was  spared  to  obtain  this 
result.  The  work  was  carried  on  most  expeditiously,  especially 
considering  the  difficulties  in  connection  with  the  foundations, 
where  sewers,  pipe  lines  and  rock  blasting  had  to  be  contended 
with.  Ground  was  broken  in  March  of  last  year  and  the  plant 
was  completed  in  September,  so  that  five  months  was  the  time 
required  for  its  construction. 
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1.  Oil  combustion,  considered  as  a  rather  complicated  series  of 
ph^'sicai  actions,  has  never  received  the  attention  due  to  its  impor- 
tance. There  have  appeared  from  time  to  time  men  who,  taking 
up  the  corresponding  question  for  gases,  gave  to  the  world  a  series 
of  researches  which  leave  but  little  to  be  desired,  and  the  very 
perfection  and  elasticit}'  of  our  methods  of  burning  gases  brings 
into  stronger  relief  the  narrow  limits  of  present  practice  in  oil 
combustion.  Before  we  can  hope  to  design  special  and  proper 
furnaces  the  problem  must  be  attacked  from  this  standpoint,  and 
the  physical  operations  will,  when  brought  togetlier  and  classified, 
give  us  the  principles  of  oil  combustion.  A  detailed  and  minute 
treatment  of  this  question  would  call  for  a  lifetime  of  study,  but 
some  of  the  principles  are  more  prominent  and  appear  more 
evident  than  the  others ;  a  few  of  these  have  appeared  in  the 
course  of  some  experiments  undertaken  for  an  object  noted 
later. 

2.  The  analytical  treatment  of  the  combustion  of  gases  greatly 
simplifies  the  pi'oblem  of  oil  combustion.  By  classifying  the  gas- 
burning  methods  according  to  the  mode  of  bringing  the  air  and 
gas  together,  it  was  found  that  there  were,  broadly,  two  great 
divisions  of  all  systems,  those  in  which  a  supporting  atmosphere 
was  necessary,  and  those  in  which,  because  of  the  self-propagation  or 
explosive  property  of  the  burning  mass,  no  supporting  atmosphere 
was  necessary.  Moreover  a  distinctly  different  set  of  laws  of 
physical  action  holds  in  each  case.     The  laws   of  combustion  for 

*  Presented  at  the  Boston  meeting  (May,  1902)  of  the  American   Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Transactions. 
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explosive  mixtures  with  their  volumeless  flames  are  radically 
different  from  those  for  all  other  mixtures  the  combustion  of 
which  calls  for  a  supporting  atmosphere,  giving  rise  to  a  volume 
of  flame  due  to  the  meeting  of  the  fuel  and  oxygen  at  different 
points,  and  at  each  springing  into  flame  when  juncture  is  effected. 
The  volumeless  flame  of  the  true  explosive  fire  depends  for  its 
localization  and  maintenance  on  the  relation  between  the  rate  of 
propagation  of  inflammation  in  the  mixtures  and  the  velocity  of 
translation,  together  with  the  extent  of  freedom  from  diffusion 
of  the  fresh  mixture  with  the  products  while  approaching  the 
combustion  surface. 

3.  For  a  comprehension  of  the  different  cases  of  oil  burning, 
wc  must  add  to  our  knowledge  of  gas  combustion  something  on 
the  vaporization  of  the  oils,  since  it  is  conceded  that  oil  will  not 
burn  as  such,  a  distillation  or  vaporization  preceding  the  actual 
combination  with  oxygen.  So  that  different  oil  S3'stems  will  differ 
chiefly  in  the  method  of  producing  the  oil  vapor,  and  in  the 
method  of  causing  a  meeting  of  this  vapor  with  the  air.  Any 
two  systems  which  agree  in  these  two  points  must  be  brought 
together  as  coming  under  one  class,  but  perhaps  differing  in  details 
which  may  or  may  not  be  essential  to  good  results. 

4.  Of  all  the  different  systems  proposed  we  can,  according  to 
the  above,  note  only  three  different  general  classes  : 

I.  The  burning  of  oil  in  an  atmosphere  without  previous  treat- 
ment by  air  or  heat.  This  class  burns  the  oil  (a)  from  a  surface 
either  that  of  the  liquid  mass  or  that  of  films  artificiall}'  produced 
by  sand,  stones,  fibrous  or  metal  wicks.  The  vapor  burns  imme- 
diately as  formed,  and  hence  there  can  be  no  mixing  with  air,  the 
flame  existing  merely  in  an  atmosphere  which  may  be  often 
renewed  or  not,  depending  on  blowers  or  merely  convection.  The 
fires  resulting  from  this  class  are  grouped  for  action  and  effects 
with  the  first  kind  of  gas  combustion,  a  jet  of  gas  issuing  unmixed 
into  ao  atmosphere  of  air. 

There  ma}'  also  be  included  (5)  those  retort,  or  (c)  spray  vapor 
producei-s  which  deliver  oil  gas,  as  just  noted. 

Oil  burning  by  metliods  coming  under  this  class  must  be  subject 
to  the  same  merits  and  defects  as  the  gas  combustion  noted,  how- 
ever diverse,  complicated,  or  ingenious  the  details  of  operation  or 
construction  may  be. 

II.  Under  this  class  will  be  grouped  all  oil  fires  capable  of 
producing   what  is  known  in  gas  combustion  as  the  "  Bunsen 
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effects."  That  is  to  say,  the  oil  is  vaporized  in  such  a  way  as  to 
permit  the  mixture  with  it  of  a  certain  amount  of  air  before  it 
reaches  the  existing  fiame,  and  having  reached  the  existing  flame 
requires  an  oxygen  atmosphere  to  support  combustion. 

Any  system  producing  vapor  which  can  be  handled  as  can  a 
gas  may  also  be  included. 

III.  The  third  class  of  oil  combustion  will  include  all  those 
methods  in  which  the  oil  is  vaporized  and  mixed  with  air  in  such 
proportions  and  in  such  manner  that  there  will  result  an  explosive 
mixture  of  oil  vapor  and  air.  Such  oil  fires  will  be  subject  to  the 
laws  of  combustion  of  explosive  mixtures.  The  vapor  may  be 
produced  in  retorts  by  boiling  a  mass  of  liquid,  or  by  spraying  oil 
on  hot  surfaces  and  then  conducting  it  to  a  point  where  it  may 
mix  with  air,  or  the  oil  may  vaporize  by  contact  with  or  approach 
to  a  hot  surface  in  the  presence  of  the  air. 

5.  The  most  natural  and  earliest  practical  method  of  oil  burn- 
ing was  that  of  simply  lighting  the  surface  of  a  mass  resting  in 
a  pan.  The  amount  of  heat  that  could  be  developed  depending 
on  the  surface  of  oil  exposed  led  to  a  spreading  of  the  oil  over 
plates  and  running  over  numerous  grooves  and  in  the  formation 
of  cascades,  etc.  The  high  flash  point  of  some  oils,  i.e.,  the  high 
temperature  at  which  they  give  off  combustible  vapor  and  the 
presence  of  the  liquid  mass  made  it  impossible  to  burn  them  in 
this  way,  and  hence  was  brought  about  one  of  the  first  improve- 
ments in  oil  combustion.  Tlie  wick  system  results  from  a  desire 
to  produce  more  vapor,  and  this  from  oils  of  high  flash  point;  by 
it  oil  is  caused  to  spread  out  over  a  large  surface  in  as  thin  a  film 
as  possible,  and  is  then  subjected  to  heat.  Being  in  a  thin  film  it 
is  easily  vaporized  because  of  the  small  quantity  at  any  point  and 
the  ease  with  which  the  substance  supporting  the  film  can  be 
heated  and  kept  hot,  the  vapor  thus  produced  burns  as  it  appears 
in  an  air  atmosphere. 

When  the  film  bearer  has  a  low  specific  head  the  vaporization  is 
the  more  rapid  at  the  surface  but  slower  beyond ;  Avith  a  metal 
film  bearer  the  conduction  of  heat  beyond  the  surface  causes  a 
vaporization  at  more  points  and  insures  more  complete  vaporiza- 
tion by  a  superheating  at  the  surface ;  the  superheating  may  even 
decompose  the  vapor. 

6.  These  wick  burners  are  easily  illustrated  by  a  pile  of  sand, 
fragments  of  brick  or  fibrous  material  in  a  pan  of  oil ;  wire  net 
may  also  be  substituted  for  the  fibrous  or  other  material. 
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For  these  burners  to  work  at  all  the  surface,  at  least,  must  be 
hot,  and  when  acting  in  an  atmosphere  the  latent  heat  of  evapora- 
tion of  the  oil  will  tend  to  keep  the  temperature  down,  resulting 
in  steady  conditions.     There  will  always  be  a  limit  of  rapidity  in 


Fig.  184. 


such  combustion,  since  a  constant  state  will  be  reached  for  the 
wick  temperature  and  rate  of  evaporation,  and,  consequentl}'',  for 
the  combustion,  making  regulation  difficult. 

7.  Such  systems  must  necessarily  be  slow  heat  producers,  how- 


ever perfect  the  combustion,  and  to  disadvantages  of  the  first  class 
of  gas  combustion,  we  must  add  a  few  more  characteristic  of  the 
methods  of  evaporation. 

Fig.  184  shows  the  simple  pan-wick  system  of  "Weeks,  and  Fig. 
185  the  cascade  of  Verstract,  which  is  combined  with  a  wick  at  the 
bottom  to  burn  what  escapes  from  the  cascade.  This  is  selected 
for  illustration  because  it  is  also  an  example  of  an  attempt  to  pro- 
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duce  Bunsen  effects  in  the  mixing  of  air  with  the  vapor.  It  does 
not  succeed  in  this,  however,  because  when  the  liquid  surface  is 
present  the  flame  will  locate  there,  and  the  air  blown  through 
the  slits  R  on  the  falling  oil  sheet  can  only  have  the  effect  of  an 
often  renewed  atmosphere,  i.e.,  a  wind  ;  no  mixing  of  vapor  and 
air  is  possible. 

8.  However,  the  surface  of  vaporization  is  increased,  hence 
more  vapor  is  produced,  and,  in  addition,  the  air  blown  through 
helps  to  accelerate  the  combustion  ;  but  in  spite  of  this  the  action 
is  precisely  the  same  as  before,  a  flame  of  oil  vapor  burning  in  an 


atmosphere  of  air.  The  improvement  then  is  not  one  of  class  but 
of  detail. 

Improvements  of  the  same  sort  on  the  wick  method,  aiming  to 
lift  the  wick  from  Class  I.  to  Class  II.,  and  get  Bunsen  effects  re- 
sult in  the  same  way.  Air  blown  through  the  wick  chills  it  and 
retards  vaporization,  in  addition  to  slightly  lifting  the  hot  part  of 
the  surface-flame  farther  from  the  vaporization  surface,  which 
should  be  kept  hot.  An  illustration  of  this.  Fig.  186,  is  the  method 
of  Hubbard.  A  mat  is  provided  with  a  pipe  system  to  deliver  oil 
at  numerous  outlets  in  the  mass,  with  the  intention  of  saturating 
the  mass.  Then  air  is  blown  through  the  mat.  The  intention  is 
to  vaporize  the  oil  in  the  mat  b}'  the  heat  from  above,  and  the 
vapor,  mixing  with  the  air  passing  through,  is  to  ignite  on  the 
top.  It  will  be  readily  seen  that  as  each  outlet  is  a  source  of  oil 
feed  to  the  mat,  we  have  a  large  number  of  wicks  grouped  with 
air  blowing  on  them. 

9.  Supposing  a  vaporization  to  take  place  immediately  on 
issuing,  as  is  expected,  and  which  fact,  of  course,  depends  largely 
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on  the  fuel  used,  we  will  have  each  nozzle  a  source  of  gas,  and 
there  will  result  a  number  of  gas  jets  blowing  into  the  mat.  The 
ascending  air  current  will  lift  the  gas  jet,  and  there  will  result 
practically  a  cone  of  gas  with  apex  at  the  orifice,  surrounded  by 
air.  At  the  edges  there  would  be  some  diffusion,  and  beyond  the 
cone  a  moving  atmosphere  of  air.  If  the  mat  were  thick  enough 
and  the  air  current  not  too  swift,  there  might  result  an  approach 
to  a  Bunsen  flame  in  an  atmosphere  of  air  within  the  mat.  If 
the  mat  were  not  thick  enough,  and  the  air  current  moved  too 
fast,  there  would  be  at  the  surface  a  Bunsen  effect.  In  no  case 
could  there  be  an  explosive  effect  of  Class  III.,  because  of  the  rela- 
tion of  air  and  oil  vapor  supph',  the  one  surrounding  the  other, 
making  at  every  point  a  constantly  changing  proportion.  Were 
the  air  and  oil  vapor  discharged  into  the  mat  through  the  same 
orifice  the  effect  would  be  quite  different,  as  will  be  seen 
later. 

10.  Air  blown  on  the  top  of  a  wiok  makes  the  flame  a  little 
more  vigorous  only  because  it  renews  the  atmosphere  instead  of 
depending  on  convection,  but  the  process  would  not  change  the 
combustion  otherwise.  The  two  systems  of  surface  evaporation 
from  the  liquid  mass  and  from  the  wick  film  both  demand,  in 
order  that  the  action  may  be  continuous  and  non-clogging,  an 
easily  vaporizable  oil  which  will  not  distil  into  parts  of  different 
vaporization  temperatures.  With  such  an  oil  obtainable,  of 
course  the  next  obvious  step  is  to  simply  boil  it  in  a  retort,  pro- 
ducing vapor  which  can  be  used  exactly  as  is  gas  and  by  all  the 
means  known  for  gases.  However,  an  additional  precaution  must 
be  taken,  that  of  preventing  decomposition  of  the  vapor  produced 
by  undue  heating  before  burning. 

This  would  be  a  great  advance  over  the  methods  noted  before ; 
given  only  the  proper  fuel,  and  we  can  produce  any  sort  of  fire 
from  the  illuminating  flame,  through  Bunsen  and  blow-pipe  effects 
to  the  more  recent  explosive  fires  with  their  high  temperature  and 
rate  of  consumption,  and  with  each  obtain  perfect  regulation. 

11.  To  vaporize  oil  in  retorts  requires  that ; 

(a)  The  oil  be  not  subject  to  fractional  distillation,  but  that  all 
of  it  must  vaporize  at  the  same  temperature  for  any  given 
pressure. 

(5)  The  temperature  shall  not  rise  above  this  vaporization  tem- 
perature, or  decomposition  of  vapor  will  result  with  deposit  of  car- 
bon to  choke  the  passages. 
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(c)  The  vapor  once  produced  must  be  prevented  not  only  from 
superheating  before  reaching  the  fire,  but  also  from  condensing. 

These  conditions  are  exceedingly  difficult  to  get,  and  no  oil 
cheap  enough  to  be  used  for  fuel  in  competition  with  coal  is  avail- 
able for  the  system  which  is  otherwise  very  attractive  in  its  sim- 
plicity and  range  of  possible  effects. 

12.  These  oil  vapor  producers  may  be  operated  by  (a)  the 
boiling  of  a  mass  of  oil,  (b)  the  vaporization  of  a  spray,  stream,  or 
drops  by  contact  with  hot  parts,  and  (c)  by  the  carbureted  air 
method.  The  first  two,  so  far  as  their  resultant  effects  go  may  be 
grouped  together,  but  the  third  has  been  found  of  value  in  manj^ 
cases  where  the  selection  of  the  required  fuel  is  not  prohibited. 
Air  is  brought  in  contact  with  liquid  surfaces,  and  passing  off 
carries  some  vapor  with  it.  We  have  here  a  mixture  of  air  and 
vapor  burnt  in  the  atmosphere  of  air,  or  we  may  go  farther  and 
form  the  explosive  gas  requiring  no  atmosphere  to  burn.  In  just 
what  proportions  of  air  and  vapor  the  mixture  will  be  delivered 
from  the  carburettor  depends  on  the  temperature  of  the  air,  the 
intimacy  and  length  of  time  of  contact  witli  the  liquid,  and  the 
temperature  at  the  evaporation  surface.  Of  course,  the  tempera- 
tures of  the  carburettor  will  tend  through  evaporation  to  become 
continually  lower,  and  this  must  be  guarded  against. 

13.  These  oil  vapor  systems  differ  but  little  from  the  pure  gas 
systems,  and  whatever  can  be  done  with  gas  can  be  done  with 
these  vapors,  giving  fires  of  classes  I.,  II.,  and  III.,  provided  the 
proper  fuel  is  available,  and,  if  the  necessity  for  the  fire  is  so  urgent 
that  cost  is  not  the  most  important  consideration,  they  may  be 
veiy  useful. 

"We  have  not  yet  noted,  however,  any  system  which  will  enable 
us  to  burn  heavy  oils,  or  those  which  fractionally  distil  leaving  a 
residue,  and  of  these  petroleums  and  some  of  the  petroleum 
products  form  the  largest  and  cheapest  source  of  liquid  fuel  sup- 
ply. 

With  the  spray  or  atomizing  system  we  have  something 
radically  different  from  these  so  far  considered,  inasmuch  as  any 
kind  of  oil  may  be  used  and  a  good  fire  obtained  with  each.  Here 
the  oil  passes  through  a  small  opening,  where  it  meets  air  issuing 
at  a  high  velocity  and  is  by  it  thrown  into  the  firebox  as  spray. 
The  firebox  being  filled  with  flame  and  lined  with  brick  also  quite 
hot,  each  particle  of  oil  is  vaporized  in  the  presence  of  air,  and  the 
products  of  combustion  of  previously  consumed  oil  particles. 
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14.  The  temperature  of  the  fire  resulting  is  extremely  high, 
and  this  led  to  the  use  of  steam  for  the  spraying  agent,  the 
injecting  nozzle  having  other  openings  through  which  air  passes 
under  the  influence  of  the  chimney  draught  and  partial  vacuum 
produced  by  the  jet. 

The  action  here  is  probably  more  nearly  explosive  than  any- 
thing else.  It  was  noted  that  the  rate  of  propagation  of  com- 
bustion in  explosive  mixtures  is  very  much  increased  by  high 
temperatures.  When  an  explosive  mixture  is  forced  iilto  an 
enlarged  chamber  previously  made  very  hot,  blow-off  is  prevented 
for  quite  a  range  by  this  increase  in  the  rate  of  propagation.  The 
oils  commonly  used  in  the  spray  have  a  very  high  temperature 
of  vaporization,  and  it  is  more  than  probable  that,  moving  with 
the  air  in  the  hot  parts  of  the  firebox,  at  the  high  temperature 
of  the  mixture  when  vaporization  takes  place,  the  rate  of  prop- 
agation becomes  so  high  that  blow-off  does  not  occur.  How- 
ever the  action  is  not  the  best  even  though  explosive,  for  there 
is  a  large  admixture  of  products  with  the  jet,  particularly  at  the 
edge  and  at  reflecting  surfaces. 

15.  The  entering  jet,  approximately  conical  in  form,  is  com- 
posed of  a  large  number  of  oil  particles,  each  surrounded  by  some 
air  and  some  steam.  As  the  jet  approaches  the  hot  section,  the 
oil  springs  into  gas  and  the  gas  with  the  air  into  flame,  the  steam 
is  inactive  until  very  high  temperatures  are  reached,  when  it 
decomposes  and  acts  as  a  cooler.  The  vaporization  of  the  oil  is 
accomplished  either  in  space  while  the  oil  particle  is  in  motion 
surrounded  by  air,  or  by  contact  with  some  of  the  solid  surfaces 
of  which  a  good  many  are  provided  in  the  form  of  arches, 
bridges,  baffles,  etc.  All  that  can  be  seen  is  an  orange  glow  and 
the  course  of  the  jet  is  invisible,  except  near  the  nozzle. 

The  system  requires  that  the  spray  be  formed,  and  for  this  air 
or  steam  under  suflicient  pressure  must  be  provided,  numbers  of 
baffles  and  bridges  to  break  the  current  after  it  has  entered,  in 
order  to  scatter  the  jet  and  distribute  the  heat ;  a  firebox  of 
suflicient  capacity  to  allow  the  formation  and  vaporization 
of  spray  and  its  final  combustion ;  small  openings  at  the 
nozzle. 

16.  Many  auxiliaries  to  the  spray  have  been  used,  but  of  these 
the  most  notable  is  that  of  Kermode,  who  sprays  with  heated  air 
directed  upon  a  bed  of  bricks  or  asbestos  placed  on  the  fire  area. 
He  provided  this  loose  fire-bar  covering  simply  to  cover  the  bars 
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easily  but  noted  that  by  their  presence  the  action  was  improved, 
for  a  reason  which  will  be  seen  later. 

While  most  of  these  spray  systems  depend  on  a  pressure  drop 
of  air  or  steam  to  atomize  the  oil  and  these  seem  to  have  given 
the  best  satisfaction,  yet  there  are  some  others  which  work  on 
the  few  ounces  pressure  of  a  fan.  The  oil  is  conducted  to  sharp 
points  by  capillaiy  action  and  blown  from  them  by  the  blast ; 
tests  of  these  generall}'^  show  higher  oil  consumption  than  the 
compressed-air  system,  probably  because  of  the  lower  tempera- 
ture, resulting  from  more  air  and  slower  burning. 

17.  The  subject  of  oil  combustion  in  general  is  very  interesting 
to  the  laboratory  experimenter,  and  as  a  system  was  desired 
which  would  burn  enclosed  under  pressure  for  use  in  the  internal 
combustion-engine,  a  series  of  experiments  was  undertaken  at 
Columbia  University  to  find,  if  possible,  a  method  which  was 
adapted  to  these  conditions. 

With  the  knowledge  of  what  had  been  done  \7ith  oil  fires  in 
other  applications  as  a  guide,  the  first  series  had  for  its  object 
the  determination  of  the  principles  which  should  govern  enclosed 
pressure  fire  systems.  These  principles  once  determined,  it  was 
hoped  that  the  desired  method  would  appear.  Some  of  the 
experiments  made  together  with  the  deductions  therefrom  are 
here  briefiy  presented  for  a  record,  as  they  may  be  of  value  to 
other  workers  in  the  field.  Engines  which  work  by  passing  air 
through  a  fire  and  thus  expanding  the  volume  at  constant 
pressure,  impose  on  the  fire  some  conditions  not  easy  to  satisfy. 

18.  Air  must  be  compressed  into  the  firebox,  and  at  each 
delivery  of  the  compressor  there  will  be  a  pressure  increase  on 
the  fire;  similarly  at  each  admission  to  the  engine  cylinder  there 
will  be  a  pressure  drop,  and  while  we  may  call  the  system  a 
constant  pressure  combustion  system,  this  cannot  be  strictly  true. 
"What  is  constant  is  the  mean  pressure,  and  even  this  may  vary 
after  a  limited  time,  for  variation  of  admission  and  cut-off  will 
change  it.  So  that  a  fire  to  work  successfully  in  this  apparatus 
must  be  unaffected  by  pressure  variation  whatever  may  be  its 
extent  or  suddenness. 

One  of  the  greatest  advantages  which  may  be  derived  from  this 
type  of  engine  over  the  explosive,  for  example,  is  the  possibility 
of  employing  the  cheap  and  safe  heavy  oils.  But  to  realize  this 
advantage  we  must  add  to  our  conditions  one  imposing  the  require- 
ment that  heavy  oils  shall  be  burnt.     And  finally,  the  products  of 
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combustion  must  be  delivered  at  a  constant  temperature,  and  that 
as  high  as  possible.  Moreover,  this  maximum  must  be  known  to 
the  designer  who  proportions  his  cylinders  and  mechanism  for 
some  particular  volume  expansion  dependant  on  this  maximum. 

19.  The  most  radical  difference  between  these  conditions  and 
those  imposed  on  an  ordinary  fire  is  that  of  burning,  enclosed  under 
a  pressure  which  may  vary  widely  and  suddenly ;  so  it  was 
decided  to  first  tr^'^  to  obtain  a  fire  which  would  do  this  regardless 
of  the  fuel  used  or  the  delivery  temperature,  and  this  being 
attained  to  experiment  with  the  other  conditions  by  making 
appropriate  modifications. 

20.  One  burner  which  seemed  to  give  a  good  steady  Bunsen 
effect  in   ordinary  use   was  that  of   the  gasolene  or   kerosene 


soldering,  torch,  or  cook  stove.  This  seemed  so  simple  and  un- 
likely to  be  affected  by  pressures  that  the  principle  envolved  was 
that  first  tried,  oil  fed  through  a  self- vaporizing  apparatus  and 
escaping  as  gas. 

Kerosene  was  fed  through  a  coil  of  small  brass  tubing  as  shown 
in  Fig.  187,  the  oil  flowing  from  the  top  toward  the  bottom  burning 
at  B  and  playing  on  the  coil.  It  was  expected  by  a  long  coil  to 
obtain  a  perfect  vaporization.  This  device  was  found  exceedingly 
irregular  in  action,  no  matter  how  carefully  the  feed  was  adjusted, 
the  vapor  deliverj^  was  never  steady,  var3'ing  from  a  long  flame  to 
total  extinction.  Matters  were  somewhat  improved  by  enclosing 
the  coil  in  a  shell  insuring  a  uniform  heating  throughout.  After 
working  for  some  time  in  this  way  the  operation  stopped,  and 
the  tube  was  found  full  of  solid  carbon  at  the  lower  part,  showing 
a  decomposition  of  vapor  in  that  part.  Gasolene,  alcohol,  etc., 
could  be  used,  but  not  petroleum  and  heavy  oils. 
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21.  There  were  two  faults  prominent  in  this  arrangement :  first, 
the  down-feed  through  a  variously  heated  coil,  gave  rise  to  un- 
even vapor  generation ;  second,  the  passage  of  the  formed  vapor 
through  the  heated  part  where  decomposition  could  occur. 

In  the  next  burner  it  was  intended  to  do  away  with  both  of 
these  faults,  the  first  to  be  eliminated  by  having  a  large  mass  of 
liquid  boiling,  and  delivering  vapor  in  such  a  way  as  to  avoid 
superheating  and  so  eliminate  the  second  fault. 

The  apparatus  of  Fig.  188  was  made.  Oil  enters  at  A,  is  dropped 
to  X,  where  it  boils  in  the  chamber,  being  heated  from  below; 
the  vapor  generated  passes  around  BC,  feeding  the  flame,  i?  is  a 
valve  which  permits  shutting  ofl'  vapor  delivery,  and  by  the 
increase  of  pressure  also  the  feed  which  was  under  constant  bead. 


Any  rise  of  oil  level  was  prevented  by  the  overflow  D.  Air  enter- 
ing at  the  bottom  with  the  vapor  a  very  good  Bunsen  effect 
could  be  produced  when  burning  freely  and  with  naphtha  as  fuel. 
When  enclosed,  however,  and  with  pressure  put  upon  the  chamber 
the  flame  became  very  irregular,  and  any  quick  change  of  pressure 
always  resulted  in  extinction.  With  kerosene  there  was  considera- 
ble vapor  condensation  in  the  drip.  Various  modifications  of 
these  vapor  generating  pressure  oil  burners  were  tried,  but  all  were 
unsatisfactory  for  enclosed  pressure  use.  The  boiling  oil  genei'ates 
within  its  chamber  varying  pressure  depending  on  the  rate  of  boil- 
ing, and  rate  of  efflux  of  the  vapor.  The  rate  of  boiling  or  vapor 
generation,  if  the  flame  below  is  kept  constant,  will  depend  on  the 
pressure  on  the  surface  of  the  liquid. 

22.  This,  in  turn,  depends  upon  the  pressure  on  the  flame  and 
the  size  of  opening  in  the  vapor  pipe.  We  thus  have  a  number 
of  conditions  surrounding  the  vapor  supply,  from  which  the  air 
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supply  is  free,  but  the  air  supply  has  varying  conditions  of  its 
own,  and  as  these  double  conditions  are  never,  as  it  were,  in  phase, 
the  result  is  failure.  The  only  way  in  which  we  can  keep  the 
proportions  of  air  and  vapor  right  is  b}'  observing  the  flame,  and 
this  is,  of  course,  out  of  the  question  when  it  is  enclosed.  When 
conditions  can  be  kept  right,  a  very  good  fire  can  be  made  with 
this  burner,  using  kerosene,  gasolene,  naphtha,  alcohol,  etc. 

Some  other  experiments  leading  from  this  brought  out  the  fact 
that  much  better  results  could  be  obtained  if  the  boiling  is  con- 
fined to  the  surface  of  the  liquid  rather  than  allowed  to  exist 
throughout  the  whole  mass.  To  get  this  result  a  pipe  was  bent, 
as  shown.  Fig.  189,  and  oil  fed  from  below  to  the  enclosed  length, 
which  becomes  hot  on  top  from  the  oil  vapor  jet  B.  With  a  con- 
stant head,  a  flame  could  be  kept  lighted  under  pressure,  ami 
enclosed  up  to  the  feed-head.     A  sudden  change,  however,  created 


trouble.  The  vapor  delivery  depends  on  the  difference  in  pressure 
between  the  chamber  and  the  feed-head,  and  the  flame  grows 
smaller,  allowing  the  hot  plate  to  cool  when  it  should  be  getting 
hotter.  The  proportions  could  not  be  maintained  at  all  constant 
under  variable  pressure,  though  the  burner  would  work  all  right 
when  proper  adjustments  could  be  made. 

23.  With  a  feed  varying  with  the  chamber  pressure  a  slight 
improvement  resulted,  though  even  then  the  result  was  not  satis- 
factory. There  was  carbonization  at  the  orifice  with  kerosene, 
and  the  apparatus  would  not  work  at  all  with  heavy  oil.  Sudden 
pressure  changes  invariabl_y  caused  extinction.  The  amount 
which  can  be  fed  economically  can  be  varied  but  little,  and  not  so 
to  keep  any  constancy  of  proportions  with  the  air. 

To  maintain  some  such  constancy  of  proportion  was  necessary, 
because  the  ultimate  object  of  the  oil  fire  was  to  heat  the  air,  and 
different  quantities  of  oil  burnt  in  the  same  air  will  give  difi"erent 
temperatures  ;  and  if  the  proportion  cannot  be  predicted  certainly 
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the  final  temperatures  cannot,  and  the  fire  is  useless  for  the  pur- 
pose in  hand.  With  the  purpose  of  keeping  some  sort  of  ratio 
between  fuel  and  air,  an  air  suction  oil  lift  was  tried,  Fig.  190. 

24.  It  was  not  intended  that  the  complicated  action  of  the  com- 
mon atomizing  spray  should  result,  but  only  that  the  air  should 
lift  oil  in  quantity  somewhat  in  proportion  to  its  own  quantity- 
Tiiis  oil  is  blown  with  some  air  through  a  flattened  attenuated 
opening  A,  where  it  is  spread  out  without  changing  its  velocity. 


Pig.  190. 


and  then  brought  in  contact  with  an  externally  heated  plate,  B,  to 
be  vaporized,  the  action  being  similar  in  efifect  to  that  of  the 
carburettors  used  in  Priestman  oil  engines.  It  was  found  that 
there  was  one  rate  of  air  feed  at  which  just  the  right  amount  of 
oil  would  lift,  a  variation  either  way  changing  the  action  materi- 
ally. When  enclosed  the  slightest  change  of  pressure  results  in 
bad  action,  sooting,  flooding,  and  extinction.  A  number  of  similar 
injector  oil  lifts  were  made,  and  the  conclusion  reached  was  that 
none  could  be  depended  upon  to  produce  the  action  desired.  To 
further  test  the  principle  of  carrying  oil  by  the  moving  current 


of  air  either  as  mist  or  vapor,  the  arrangement  of  Fig.  191  was  tried. 
Here  an  irregular  mass  of  wire  net  fids  the  chamber  A,  which  is 
about  one-half  full  of  oil.  The  wire  threads  draw  up  by  capillary 
action  the  oil  from  the  surface,  spreading  all  over  the  wires  and 
some  of  the  spaces  between,  making  conditions  very  favorable  for 
the  air  to  take  up  either  mist  or  vapor  as  the  case  may  be.  The 
issuing  jet  is  reflected  back  upon  itself  and  heats  the  nozzle,  insur- 
ing that  any  mist  shall  become  vapor. 
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25.  The  opening  need  not  be  small.  It  worked  very  well  for  kero- 
sene and  better  for  gasolene,  and  much  better  for  both  when 
heated  air  was  supplied.  This  fact  in  addition  to  that  of  liquid 
collecting  in  the  cone,  B,  seems  to  indicate  that  a  mist  rather  than 
vapor  was  the  result  of  the  air  passage  over  the  net.  This  fact  is 
further  proved  by  the  working  under  kerosene  without  dropping 
of  temperature  such  as  would  occur  with  evaporation.  With  a 
steady  set  of  conditions  this  apparatus  worked  well  as  was  noted, 
but  like  the  injector  devices,  no  great  variation  of  the  tire  could  be 
made.  It  was  tried  with  petroleum,  and  the  result  showed  a  col- 
lection of  residues  in  A,  only  the  lighter  volatile  parts  coming  off. 
A  little  carbonization  appeared  at  the  nozzle. 

26.  All  these  devices  depending  on  the  vaporization  of  oil  at 
some  point  have  given  great  trouble  from  regulation  when  en- 


closed, and  none  was  found  satisfactory  for  variation  of  combustion 
pressure.  It  is  probable  that  one  could  be  designed,  but  it  would 
necessai'ily  be  complicated.  With  the  ones  tried  the  temperature 
of  the  products  could  in  no  way  be  kept  constant,  and  while  most 
required  large  and  variable  excess  of  air,  a  few  were  found  which 
could  be  operated  by  little ,  but  the  high  temperature  resulting 
invariably  produced  vapor  decomposition.  They  required,  more- 
over, special  oils,  but  even  this  might  be  endured  if  a  steady 
fire  with  always  the  same  temperature  delivery  could  be  made  to 
work  under  variable  pressures ;  but  these  results  could  not  be 
obtained. 

27.  The  vaporization  systems  were  now  abandoned  in  view  of 
these  difficulties  for  the  attractive  simplicity  of  wick  combina- 
tions which,  while  perhaps  not  offering  the  greatest  perfection  of 
combustion,  yet  would  not  go  out  when  put  under  pressure, 
Fig.  192  was  tried,  with  a  bottom  oil  feed  to  the  wick,  and  air  sup- 
plied above.  It  was  found  that  the  wick  at  the  bottom  of  the 
chamber  was  not  affected  by  pressure,  and  burned  steadily  when 
enclosed,  but  a  steady  discharge  was  necessary,  for  when  the  dis- 
charge was  interrupted  the  flame  was  extinguished.  It  seems  as  if 
the  products  must  be  conducted  away  at  once,  and  this  is  probably 
because,  with  the  wick,  the  vapor  generation  will  go  on  some  time 
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after  the  oxygen  supply  fails.  It  also  seemed  advisable  to  have 
the  air  current  and  flame  tend  towards  the  same  opening  and  not 
oppose.  Opposition  produces  a  violent  fiame  and  irregular  action 
which  may  cease  entirely  at  any  time. 

28.  To  improve  the  means  of  renewing  the  atmosphere  of  this 
fire  the  burner  of  Fig.  193  was  made.  A  is  an  asbestos  mat  sup- 
plied with  oil  from  B.  G  is  the  air-supply  pipe  ending  in  the 
funnel  D.  If  the  oil  be  lighted  at  A,  and  time  allowed  for  the 
whole  to  heat  up,  the  burner  can  be  enclosed  and  pressure  applied 


Fig.  193. 


through  the  air-supply  O  without  causing  extinction.  The  pres- 
sure in  the  combustion-chamber  has  absolutely  no  effect  on  oil 
flame  thus  produced. 

29.  The  products  of  combustion  thus  produced  were  piped  to 
a  small  Shipman  steam-engine  to  observe  the  effect  of  the  impulse 
of  engine  admission  on  the  action  of  the  fire.  Good  results  for 
any  pressure  were  obtained  with  only  one  drawback.  If  the  velo- 
city of  the  air  over  the  flame  be  too  high,  the  flame  will_  go  out. 
With  gas  or  oil  previously  vaporized  a  surplus  as  well  as  a  deficiency 
of  air  will  cause  extinction  ;  here,  any  surplus  will  have  no  effect, 
provided  only  that  it  move  slowly  enough.  A  most  important 
result  was  here  attained,  viz.,  the  flame  could  be  kept  going  under 
working  conditions. 

For  a  more  perfect  and  rapid  combustion  of  oil  by  the  wick 
method,  it  seemed  desirable  to  keep  the  flame  hot  even  beyond  its 
visible  part,  and  everywhere  supplied  with  fresh  air.  This  could 
be  done  either  by  drawing  the  flame  out  to  a  thin  sheet,  or  by 
shooting  across  it  warm  air  currents,  as  in  the  blow-pipe.  Ac- 
cordingly^, the  apparatus  of  Figs.  19-t  and  195  were  constructed. 
In  Fig.  194  A  is  asbestos,  on  top  of  which  the  oil  rests,  and 
through  which  oil  trickles  to  the  part  below  enclosed  between 
pipe,  C,  and  surrounding  pipe,  B.  The  flame  having  been  started 
at  /,  air  was  turned  on  through  C\  the  flame  was  conical,  with 
a  well  defined  blue  interior,  and  was  blue  even  at  the  tip.     This 
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method  of  feed  might  be  duplicated  by  dropping  oil  in  varying 
quantities  on  the  loosely-packed  wick  if  a  variable  combustion  is 
desired.    This  burner  can  be  enclosed  and  put  under  pressure,  and, 


ir^i 


moreover,  unlike  the  last,  is  not  sensitive  to  change  of  velocity  of 
air  through  it. 

30.  While  not  all  the  conditions  desired   are  here  met,  many 
that  are  most  important  are  fulfilled.     The  burner  will  work,  en- 


FiQ.  195. 


closed,  fairly  steadily,  and  is  not  affected  by  pressure  changes,  but 
it  always  requires  a  large  excess  of  air,  and,  therefore,  delivers 
products  whose  temperature,  though  fairly  constant,  is  yet  not  the 
maximum.  Fig.  195  was  made  to  be  an  advance  on  this  type,  by 
introducing  a  hot  air  blow-pipe  efifect.     The  flame  here,  instead  of 
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having  a  blue  centre,  has  a  deep  yellow  core  forced  by  the  air 
currents  into  blue  at  the  edges.  The  centre  is  the  gas  generator, 
which  gas  is  completely  burned  at  the  edges  by  air  from  the 
heated  lips  of  the  tangent  tubes.  External  heating  to  redness 
will  cause  internal  ignition,  and  wicks  placed  in  the  path  of  the 
products  seem  to  improve  the  action,  both  in  completeness  of  com- 
bustion and  as  re-lighting  after  extinction.  This  burner  could  be 
used  with  satisfaction  in  every  point,  except  that  it  used  such 
large  quantities  of  air  and  delivered  products  of  comparatively 
low  temperature. 

31.  The  tendency  of  the  preceding  experiments  is  evident ; 
always  away  from  special  vaporizers  to  arrangements  with  auto- 
matic regulation,  the  vaporization  taking  place  in  the  firebox,  in  the 
presence  of  air  if  possible,  and  so  preventing  not  only  decomposi- 
tion and  carbonization,  but  also  condensation.  It  seems  rather 
odd  that  in  general  the  means  which  worked  best  under  the  diffi- 
cult conditions  imposed  were  in  general  the  simplest.  For  the 
use  of  all  oils,  including  those  of  low  and  those  of  high  boiling 
points,  probably  the  following  conditions  would,  if  they  could  be 
fulfilled,  produce  a  very  good  oil  fire  : 

The  oil  to  be  introduced  as  liquid  with  the  air  and  brought  im- 
mediately, still  with  the  air,  to  the  hottest  part  of  the  fire,  with 
means  added  to  prevent  the  mixture  of  the  vapor  thus  produced 
and  its  air  from  mixing  with  products  of  combustion  of  matter 
already  burnt.  At  the  time  these  conditions  were  formulated,  it 
seemed  impossible  that  any  apparatus  could  be  constructed  which 
would  permit  of  such  action ;  but  in  fact,  such  an  apparatus  was 
found,  and  worked  so  well  as  to  entirely  justify  all  the  labor  of 
classification  and  minute  experimental  observation,  which  made  it 
possible  to  predict  what  conditions  should  produce  a  good  method, 
even  when  the  means  seemed  impossible  to  find. 

32.  This  resultant  method  was  not  the  outcome  of  this  series  of 
experiments  alone,  but  rather  of  the  combined  oil  and  gas  exper- 
iments, some  of  which  have  been  previously  reported.  Just  about 
the  time  the  experiments  above  described  were  completed,  and  the 
probably  necessar3r  conditions  for  the  good  oil  fire  formulated,  the 
explosive  gas-fire  described  in  the  author's  paper,  No.  923,  Vol. 
XXIII.,  p.  292,  was  discovered. 

By  the  use  of  the  explosive  mixture,  a  fire  can  be  made  in  a 

closed  chamber,  requiring  no  atmosphere  beyond  the  mixture  fed, 

and  such  a  fire  wiU  deliver  hot  gases  at  a  constant  unvarying 
88 


500 


LIQUID   FUEL   COMBUSTION. 


temperature,  no  matter  what  the  quantity  burned  ;  this  tem- 
perature is  the  maximum  possible,  as  no  excess  of  air  is  heated  ; 
and,  finally,  this  very  excellent  fire  calls  for  no  special  apparatus, 
requiring  simply  an  opening  through  which  the  feed  must  be 
made  at  a  rate  exceeding  the  rate  of  propagation,  which  opening 
is  surrounded  by  a  pile  of  broken  rock.  The  function  of  this 
broken  rock  is  to  decrease  the  velocity  of  translation  by  increasing 
the  area  of  cross-section  of  the  advancing  stream,  and  to  increase 
the  rate  of  propagation  of  inflammation  by  heating  until  these 


Fig.  196. 


two  rates   become  equal,  allowing  the  combustion    to  localize 
within  the  fragments. 

33.  This  suggested  a  revival  of  the  experiments  on  oil  along  the 
lines  laid  down  as  follows  :  It  was  desired  to  vaporize  the  oil  and 
produce  with  the  vapor  an  explosive  mixture  which,  in  turn, 
was  to  burn  under  pressure  as  desired  in  one  of  the  explosive 
burners.  The  apparatus  in  Fig.  196  was  constructed  to  do  this; 
gasolene  is  held  in  a  chamber  kept  at  about  60  degrees  Fahr.,  and 
air  bubbles  through  from  A  ;  the  carbuietted  air  was  rendered  ex- 
plosive by  tiie  manipulation  of  the  by-pass  B,  admitting  pure  air 
above  the  liquid.  The  resulting  explosive  mixture  was  burnt  in 
the  explosive-burner,  C. 

34.  This  arrangement  fulfilled  the  requirements  exactly  so  far 
as  this  particular  fuel  was  concerned,  giving  a  fire  under  pressure 
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not  affected  by  any  changes  in  pressure  however  sudden,  and 
delivering  at  all  feeds  hot  products  of  exactly  the  same  tem- 
perature. 

This  burner  was  also  piped  to  the  steam-engine  and  a  second 
by-pass,  D,  permitted,  keeping  the  temperature  of  the  air  entering 
the  engine  under  perfect  control.  Wide  variations  of  speed  and 
pressure  had  no  effect,  neither  had  the  pulsation  due  to  engine 
admission  and  cut-off. 

35.  Here,  then,  was  a  very  encouraging  result,  but,  unfortun- 


PiG.  197. 


ately,  only,  the  fuels  easily  vajjorized,  such  as  naphtha,  gasolene, 
benzine,  alcohol,  etc.,  were  available. 

The  next  step  was  an  attempt  to  utilize  kerosene  in  a  somewhat 
similar  way.  To  this  end  the  apparatus  of  Fig.  197  was  set  up. 
Here  oil  is  fed  to  the  chamber  A  and  kept  at  variable  level ;  air  is 
admitted  at  B  and  passing  G  throws  a  spray  into  D  where  it  is 
vaporized  by  the  heat  of  the  fire ;  the  end  D  being  covered  with 
the  rock  an  explosive  fire  resulted,  the  correct  proportion  of  air 
to  vapor  being  maintained  by  varying  the  air  supply  and  oil  fuel. 

This,  while  it  worked  under  some  circumstances  and  gave  a 
vei-y  satisfactory  fire,  showed  the  same  trouble  which  was  experi- 
enced with  sprays  in  the  other  series  of  experiments  and  was 
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abandoned  for  the  device  there  found  to  be  more  satisfactory, 
i.  e.,  a  surface  boiling  of  the  liquid.  Fig.  198  shows  the  device 
constructed  for  this  purpose. 

36.  Air  was  admitted  at  A,  and  with  it,  at  first,  some  gas, 
making  an  explosive  fire  at  £,  The  oil  was  fed  from  Ijelow  to 
the  one  under  the  plate,  O,  heated  from  above.     Varying  level 


exposed  more  or  less  surface  to  be  heated  and  varied  the  distance 
from  the  fire  plate.  The  regulation  in  practice  was  not  as  good 
as  one  might  expect  from  the  device.  The  vaporization  by 
approach  of  the  oil  to  the  hot  parts  suggested  the  next  step, 
which  is  so  obvious  that  it  seems  as  if  it  should  have  been  tried 
first.  This  was  to  simply  feed  the  oil  and  air  through  the  same 
pipe  to  a  pile  of  rock  where  the  explosive  fire  is  maintained,  with 
the  expectation  that  the  hot  pipe  will  do  the  vaporizing.  The 
oil  is  fed  through  the  cock  A,  Fig.  199,  and  the  air  through  B,  both 
reach  the  fire  through  the  same  pipe  C,  and  burn  explosively  in  the 


mass  of  rock.     This  was  eminently  satisfactory,  and  showed  an 
action  which  was  very  fine,  if  unexpected. 

37.  When  the  feed  is  slow  the  pipe  C  becomes  hot  and  then 
does  undoubtedly  act  as  a  vaporizer,  but  when  the  feeds  are  in- 
creased the  fire  is  forced  away  from  the  nozzle,  as  in  the  case  of 
gases,  and  the  pipe  C  remains  almost  cold,  no  matter  how  hot  the 
fire  in  the  rocks,  but  the  perfection  of  the  action  is  maintained 
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and  it  is  found  that  not  tlie  pipe,  C,  but  the  hot  rocks  themselves 
act  as  the  vaporizer.  The  air  and  oil  impinge  together  on  the 
hot  mass,  spreading  out  in  constant  velocity  surfaces;  the  com- 
bustion takes  place  on  that  surface  where  the  velocity  is  equal 
to  the  rate  of  propagation  and  in  the  passage  the  oil  automati- 
cally vaporizes  by  contact  with  the  same  rocks  which  make  the 
explosive  fire  possible,  and  all  this  happens  without  diffusion  with 
the  products  of  previous  combustion.  Thus  the  function  of  the 
rocks  becomes  complicated ;  fii'st,  starting  with  gas  the  explosive 
fire  is  made  possible  by  their  presence,  and  the  result  is  the  heat- 
ing of  the  entire  mass  from  top  to  bottom,  the  mass  thus  heated 
ia  a  perfect  vaporizer  for  the  oil,  which,  fed  with  its  air  makes  an 
explosive  mixture  and  maintains  the  temperature  of  the  rocks, 
the  wliole  interrelated  series  of  actions  and  reactions  producing 
what  I  have  named  the  "  Explosive  Oil  Fire." 

38.  Were  the  pi'oportions  not  explosive  the  interior  of  the  mass 
would  chill  and  the  vaporization  would  stop.  It  is  a  very  strik- 
ing experiment  to  withdraw  the  nozzle  from  the  intensely  glowing 
mass  of  rock,  of  a  properly  woi'king  fire,  and  note  the  oil  drip, 
drop  by  drop,  giving  off  each  time  a  dull  I'ed  flash  and  a  cloud  of 
smoke,  while  the  whole  rock  mass  cools  down ;  a  re-insertion  of 
tlie  nozzle  causes  at  once  a  resumption  of  the  intense  rapid  high 
temperature  combustion.  And,  secondl}^,  by  a  simple  change  of 
proportion  observe  an  instant  cessation  of  the  action,  producing 
first  smoke  and  then  total  extinction. 

Tliis  method  of  burning  the  oil  is  perfectly  adapted  to  the  pur- 
pose for  which  it  is  designed,  i.e.,  the  combustion  of  any  oil  in  a 
closed  pressure-chamber,  as  already  described,  and  the  action 
leaves  nothing  to  be  desired. 

39.  N.i.turally  the  next  question  would  be  to  determine  the 
action  with  residue  oils  of  petroleum.  It  need  only  be  remarked 
here  tliat  with  every  oil  tried  the  action  was  the  same ;  and  three 
fires  side  by  side,  burning  respectively  kerosene,  cylinder  oil,  and 
linseed  oil,  showed  no  difference  in  action.  The  so-called  residue 
oils  leaves  no  residue  this  way.  The  experiment  of  feeding  the 
several  oils  successively  through  the  same  fire  without  interrup- 
tion resulted  in  no  apparent  change  of  action.  We  can  now  see 
how  the  action  of  the  brick  that  Kermode  placed  on  his  grates 
improved  the  action,  which  would  have  been  still  further  im- 
proved if  the  spray  had  been  ])revented  from  diffusing  with  pro- 
ducts before  reaching  the  brick.     Moreover,  b^'  this  simple  change 


504  LIQUID   FUEL   COMBUSTION. 

the  spraj'ing  process  would  be  rendered  unnecessar}*.  Also  in  the 
case  of  the  saturated  mat  referred  to  in  the  earlier  part  of  the 
paper,  it  will  now  be  readily  seen  how  the  feeding  of  both  oil  and 
air  through  the  same  opening,  instead  of  as  designed,  would  have 
completely  changed  the  action. 

Originally  firebrick  fragments  were  used,  but  the  fire  was  in- 
tensely hot,  and  fused  such  fragments  together,  even  fluxing 
them  and  causing  a  flow.  Later  other  rocks  were  tried,  and  mag- 
nesite  was  found  not  to  fuse ;  dolomite,  also  infusible,  crumbles 
slightly. 

It  was  noted  in  the  experiments  on  gas  that  considerable  gas 
might  be  added  to  a  mixture  in  excess  of  that  required  for 
chemical  proportions  without  injuring  the  explosive  properties  of 
the  resulting  mixture,  which  fact  was  of  value  in  producing  sur- 
face flames  above  the  explosive  fires ;  of  course,  there  will  be  a 
point  where  the  explosive  property  will  be  lost  and  extinction 
ensue. 

40.  When  an  excess  of  oil  was  tried  the  explosive  fire  between 
the  rock  fragments,  which  act  as  the  automatic  non-diffusing 
vaporizer,  was  maintained  by  the  lower  and  explosive  part  of  the 
fire,  while  the  excess  of  oil  passed  on  to  be  burned  above.  It 
was  found  possible  to  vary  the  oil  100  per  cent,  without  stopping 
the  explosive  action  below,  the  effect  being  merely  a  variation  in 
the  length  of  the  surface  flame.  This  variation  at  will  in  the 
character  of  the  surface  flame  is  of  no  importance  in  the  problem 
which  was  originally  set,  i.e.,  the  production  of  a  fire  for  an  in- 
ternal combustion  engine  working  by  the  increase  of  volume  at 
constant  pressure.  It  is,  however,  of  the  utmost  importance  in 
metallurgical  and  steam-boiler  furnaces,  and  a  few  experiments 
other  than  those  originally  set  were  made  on  these  applica- 
tions. 

41.  Fig.  200  shows  a  series  of  burners  which  were  used  experi- 
mentally with  success  on  both  open  and  closed  fires,  showing  the 
great  simplicity  that  here  meets  with  success.  The  one  at  the 
lower  left-hand  corner,  shows  an  air  chamber  of  2-inch  pipe 
through  which  the  oil  pipe  is  led,  the  air  and  oil  passing  down- 
ward at  an  incline  of  about  30  degrees  to  the  rock  bed.  Propor- 
tions of  the  mixture  are  maintained  bv  external  valves ;  the  outlets 
may  in  this  type  be  easily  duplicated. 

The  one  passing  the  stool  shows  a  down  bending  quarter-inch 
pipe  fed  with  air  and  oil,  and  provided  with  a  starting  gas  cock. 
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About  one  square  foot  of  rock  several  inches  thick  can  be  kept  in 
a  glow  with  this. 

42.  To  sliow  that  the  theory  of  the  formation  of  combustion  sur- 
faces holds  with  this  oil  fire  as  with  the  gas,  a  pile  of  broken  brick 
was  arranged  to  run  about  fifteen  minutes,  covered  with  clay  ;  the 
result  is  shown  on  tiie  top  of  the  chair,  a  round  cavity  was  fused 
out  and  a  centre  lump  left,  showing  what  would  be  expected  with 


this  down  bending  nozzle  from  the  theory,  viz.,  an  annular  form 
of  combustion  surface. 

The  plate  on  the  floor  at  the  right  is  tapped  to  receive  from  be- 
low the  nozzle  lying  on  the  top  containing  a  centre  vertical  oil 
feed  surrounded  by  the  air  feed.  This  does  not  work  well  on  a 
flat  plate  as  some  oil  collects  in  a  circle  on  the  plate,  where  it  meets 
little  air,  and  is  moreover  chilled  by  the  plate;  a  conical  brick 
bottom  works  bettei'. 
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Two  6-inch  nipples  arranged  for  closed  fire-pots  are  shown, 
the  lower  one  provided  with  oil,  air,  and  gas  inlets  delivering  to 
a  pipe  which  merely  enters  the  wall  of  the  fire  chamber.  Tliis 
works  very  well ;  after  heating  by  a  properly  proportioned  mix- 
ture, the  whuie  becomes  dazzingly  hot,  anil  a  blue  tu  orange  surface 


Fig.  301. 

fiame  several  feet  high  can  be  obtained  witiiout  disturbing  the  ac- 
tion of  the  lower  fire.  While  the  whole  fire-pot  is  white  hot  and 
would  melt  in  time,  the  horizontal  feed  pipe  is  always  cool  enough 
to  be  borne  by  the  hand.  The  very  high  temperatures  that  can  be 
produced  may  be  easily  estimated  when  it  is  stated  that  this 
burner  can  consume  a  gallon  of  crude  petroleum  in  about  ten  min- 
utes, and  in  so  doing  uses  no  excess  of  air. 
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43.  The  upper  nipple  shown  is  connected  for  use  with  gas,  and 
is  provided  with  a  1-iuch  clay  lining.  It  is  fed  from  below 
with  a  mixture  of  air  and  gas  from  the  motor-driven  6-inch 
positive  blower.  This  was  used  for  melting  crucibles  of  tin, 
aluminum,  lead,  copper,  etc.,  in  the  calibration  of  a  Le  Chatelier 
p\'rometer  for  some  experimental  determinations  of  the  passage  of 
heat  through  metal  from  a  hot  gas  to  a  cold. 

44.  In  the  centre  of  the  shelf  is  shown  a  2^-inch  cross,  bottom- 
fed  by  air  and  gas  direct  from  the  mains  and  used  for  heating 
soldering  irons.  Kerosene  has  also  been  used  in  this  apparatus  for 
the  same  purpose. 

The  first  application  of  this  method  of  combustion  to  a  steam 
boiler  is  illustrated  in  Fig.  201.  The  oil  tank  in  the  rear  has  a 
delivery  pipe  starting  at  the  bottom  of  the  tank,  and  air  from  the 


main  is  piped  to  the  oil  surface  and  to  the  burner  through  the 
hose;  a  slight  throttling  at  the  boiler  will  put  enough  ])ressure  in 
the  oil  to  lift  it  to  the  burner,  where  it  passes  the  valve  seen  in  the 
right  front.  A  half-inch  pipe  leads  to  the  centre  of  the  firebox 
and  then  turns  down  b}'  an  elbow  ;  the  grate  is  covered  with  clay 
and  the  fire-pot  filled  with  broken  rock.  A  gas  connection  is 
shown  for  initial  heating  and  a  steam  pipe  passes  from  the  dome 
vertically  downward  in  front.  It  was  for  observing  the  action  of 
steam  in  the  fire  that  this  particular  apparatus  was  set  up.  It  was 
hoped  that  by  the  decomposition  of  the  steam  in  the  fire  the 
excessively  high  temperatures  would  be  avoided  and  the  use  of 
special  rock  of  high  fusing  point  rendered  unnecessary.  If  the 
fire  be  started  and  brought  to  a  steady  glow  and  steam  be  then 
admitted,  there  will  at  once  appear  an  almost  invisible  surface 
flame  showing  the  action  desired,  a  decomposition  of  steam  in  the 
hottest  parts  and  a  recombination,  more  or  less  complete,  beyond 
at  the  surface.  The  steam  is  thus  a  sort  of  heat  distributor,  and 
in  this  way  it  was  found  feasible  to  use  common  fire-brick;  an 


508  LIQUID   FUEL   COMBUSTION. 

occasional  sticking  together  is  easily  broken  up  at  the  end  of  a  run 
by  a  bar,  and  everything  made  as  good  as  new. 

45.  It  was  also  thought  worth  while  to  try  what  could  be  done  in 
producing  reverberatory  action,  similar  to  that  of  coal  fires.  To 
this  end,  the  apparatus  of  Fig.  202,  was  made  of  brick  and  clay. 
With  a  5-inch  fire  at  A,  and  an  air  inlet  at  B  and  C,  a  good,  hot, 
colorless  flame  2  feet  long  could  be  produced,  heating  the  chamber 
D  to  an  even  glow  with  an  atmosphere  reducing  or  oxidyzing  as 
desired. 

It  should  be  noted  that  all  of  the  explosive  burners  described 
will  work  under  any  air  pressure  whatever,  a  variation  merely 
altering  the  distance  of  the  combustion  surface  from  the  outlet, 
but  for  burning  a  given  amount  of  oil  a  larger  air  pipe  must  be 
used  with  low  pressure  air  feeds  than  with  high. 

46.  In  conclusion,  it  may  be  said  of  the  method  resulting  from 
this  experimental  research  that  it  seems  to  be  in  every  way 
satisfactory  for  the  purpose  for  which  it  was  derived,  and  may  be 
of  use  in  other  applications.  It  has  no  small  openings  for  oil,  no 
possibility  of  carbonizing;  will  burn  any  oil  with  air  at  any  pressure, 
provided  only  that  enough  air  be  supplied,  and  is  subject  to  an 
almost  unlimited  variation  of  form ;  it  will  deliver  gases  at  a  con- 
stant and  maximum  temperature,  which  may  be  lowered  to  any- 
thing desired  by  air  dilution  ;  is  capable  of  burning  more  oil  in  less 
volume  than  any  of  the  other  forms  tried,  and  this  with  the  least 
possible  amount  of  air.  It  must  be  stated  as  a  drawback  that 
without  the  use  of  steam  it  calls  for  the  use  of  selected  rock  to 
prevent  fusion. 

DISCUSSION. 

Prof.  A.  L.  WilUston. — I  would  like  to  ask  what  Mr.  Lucke 
used  to  heat  up  his  broken  rock  or  fire  bed  ? 

Mr.  Arthur  J.  Frith. — The  description  of  the  experiments  of 
Mr.  Lucke,  in  the  simplicity  of  the  final  means  used,  and  in  the 
beautiful  results  obtained,  deserve  the  attention  and  appreciation 
of  all  of  us,  who  are  interested  in  the  subject  of  gas  and  liquid 
fuel  combustion,  and  Mr.  Lucke  is  to  be  congratulated  upon  the 
success  which  has  evidently  been  obtained  by  arduous  and  unre- 
mitting endeavor.  If  I  may  be  allowed  to  make  any  criticism  on 
the  paper  it  is  that  it  lacks  clearness  in  the  description  of  some  of 
the  figures  used.  Brevity  is  commendable,  but  the  entire  famil- 
iarity of  Mr.  Lucke  with  his  own  apparatus  is  wanting  to  the 
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general  engineer,  and  I  notice  that  it  takes  close  reading  to  clearly 
follow  the  text.  A  word  or  two  of  description  would,  I  think, 
be  appreciated.  The  conditions  for  successful  burning  of  liquid 
fuel  given  in  paragraph  31  as  "  The  oil  to  be  introduced  liquid 
with  the  air  and  brought  immediately,  still  with  the  air,  to  the 
hottest  part  of  the  fire,  with  means  added  to  prevent  the  mixture 
of  the  vapor  thus  produced  and  its  air,  from  mixing  with  products 
of  combustion  of  matter  already  burnt,"  seems  to  be  not  in  accord 
with  results  sometimes  met  in  the  use  of  atomizers,  when,  if  the 
oil  be  not  thoroughly  atomized,  violent  explosions  result,  due,  it 
is  believed,  to  spheroidal  action  of  drops  of  oil  when  introduced 
into  an  intensely  heated  atmosphere.  Perhaps  Mr.  Lucke  means 
that  this  is  covered  by  "  still  with  the  air,"  but  I  would  ask 
whether  the  modification,  "  brought  immediately  still  with  the 
air,  gradually  to  the  hottest  part  of  the  fire,"  would  not  more 
completely  express  the  conditions  necessary  for  successful  com- 
bustion. That  the  burner  Fig.  19.5  and  Fig.  199  can  burn  residual 
oils  without  leaving  a  deposit,  which  is  either  stated  or  inferred 
from  Mr.  Lucke's  paper,  is  rather  surprising,  and  I  would  ask 
whether  Mr.  Lucke  attributes  these  excellent  results  to  the  pres- 
ence of  air  while  the  oil  is  vaporizing,  to  the  gradual  heating  of 
the  oil  to  succfessively  higher  temperatures,  with  the  vaporization 
of  the  constituents  of  the  oil  in  series,  so  to  speak,  or  to  both  these 
conditions  combined,  and  whether  there  is  a  complete  absence  of 
all  deposits  in  the  use  of  his  methods.  The  automatic  regulation 
of  the  surface  of  combustion  with  var3Mng  pressures  is  very  neat, 
and  appeals  to  us  by  its  simplicity  and  effectiveness ;  it  appears  as 
if  this  form  of  burner  is  admirable  for  a  steady  fire,  especially  as 
it  is  controlled  in  regard  to  local  heating,  and  oxidizing  and  reduc- 
ing possibilities,  but  I  would  inquire  what  would  happen  if  the 
velocity  of  the  current  should  fall  below  the  speed  of  propagation 
of  the  flame,  as  would  happen  if  an  intermittent  fire  were  at- 
tempted ;  would  there  be  anj'  danger  of  an  explosion  in  the  pipe 
C.  or  would  the  fire  simph'  retreat  to  the  junction  of  the  pipes  A 
and  B,  Fig.  195,  and  advance  again  with  the  increase  of  pressure? 
I  wish  to  congratulate  Mr.  Lucke  on  having  given  us  a  paper 
which  is  both  interesting  and  instructive. 

Mr.  Lucke. — Mr.  Frith's  suggestion  that  there  is  successive 
evaporation  of  different  constituents  of  the  oil,  in  other  words, 
that  there  is  fractional  distillation  going  on  I  think  to  be  very 
probable.     This  would  be  very  nicely  shown  in  the  difference  of 
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working  betvreen  crude  oil,  and,  to  take  a  strong  case,  a  lubricat- 
ing oil ;  the  crude  petroleum  will  start  to  burn  very  much  more 
quickly  than  will  a  good  fuel  oil,  but  a  fuel  oil,  once  started,  will 
burn  all  right. 

The  combustion  is  started  as  follows :  Gas  is  fed  into  the  air 
current  in  such  proportion  as  to  give  an  explosive  mixture.  The 
surface  flame  will  disappear  when  this  proportion  is  reached  and 
the  fire  will  jump  below  the  surface ;  for  a  moment  one  can  see 
nothing  of  the  combustion,  but  soon  the  glow  which  exists  in  the 
interior  will  gradually  spread  through  the  whole  mass.  When 
the  mass  of  rock  is  properly  warmed  up  the  gas  is  turned  off  and 
the  heavy  oil  set  flowing.  One  can  start  up  crude  petroleum  with 
just  a  piece  of  cotton  waste  around  the  nozzle,  while  benzines, 
naphthas,  crude  petroleum,  etc,  will  take  fire  and  vaporize  at  once, 
warming  up  the  rocks  without  preheating  b}^  gas,  and  as  the  waste 
burns  away,  there  will  be  enough  heat  in  the  surrounding  rocks 
to  keep  the  residue  from  forming  a  deposit. 

But  if  it  is  attempted  to  start  combustion  of  a  heavy  oil  with 
a  piece  of  waste,  failure  will  result.  Hence  there  is  no  doubt  that 
fractional  distillation  and  successive  combustion  of  parts  take 
place,  the  lighter  constituents  heating  the  rock  mass  to  incandes- 
cence first,  and  preparing  the  wa}'^  for  combustion  of  the  heavier 
parts  later. 

At  one  time  I  thought  there  was  a  deposit.  I  was  using  com- 
mon red  brick,  and  as  is  shown  in  Fig.  200  an  annulus  was  melted 
out  of  the  broken  mass.  It  turned  black  in  the  fusion  and  I 
thought  it  surely  was  a  deposit.  Perhaps  it  was,  but  it  is  rather 
hard  to  say.  However,  when  I  took  same  magnesite  (magnesium 
carbonate  changing  to  an  oxide  on  heating,  which  will  crumble 
and  get  brittle  but  will  not  fuse),  I  found  that  I  could  burn  oil 
in  the  mass  for  a  long  time,  and  the  rock  would  be  as  snowy  white 
at  the  end  of  the  run  as  at  the  beginning. 

If  the  velocity  of  transmission  were  reduced,  so  as  to  be  less  than 
the  rate  of  propagation,  the  tendency  would  be  for  the  flame  cap 
to  move  back  towards  the  nozzle,  and  the  fire  would  finally  go  out, 
because  vaporization  would  be  retarded  as  the  area  of  hot  surface 
and  the  temperature  of  the  heated  mass  were  thus  reduced  ;  the 
indication  that  this  action  had  begun  would  be  a  smoky  fire. 

Mr.  Frith. — Would  not  the  flame  rush  back  into  the  common 
pipe  ? 

Mr.  Lucke. — No.     The  mixture  forms  down  in  the  rocks. 
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IMPROVED  INDICATOR  COCK  FOR  ENGINES. 

BY    ALBERT    K.    MANSFIELD,    SALEM,    OHIO. 

(Member  of  the  Society.) 

1.  It  is  quite  often  the  case  that  the  steam-pii^e  line  between 
a  boiler  and  an  engine  is  installed  without  due  judgment,  result- 
ing in  an  unnecessary  drop  of  pressure  due  to  resistances  in  the 
pipe  line.  These  resistances  are  usually  caused  by  too  sudden 
changes  of  direction  of  flow,  or  too  high  velocity  of  steam,  or  both ; 
but  what  is  desired  here  is  to  present  a  means  of  measuring  the 


Fig.  203. 

drop,  or  of  determining  the  efficiency  of  the  steam  pipe.  This 
consists  of  the  4-way  indicator  cock  of  the  illustration,  Fig.  203.  It 
is  a  new  device,  differing  from  the  ordinary  3-way  indicator  cock 
merely  in  having  a  fourth  connection  underneath,  which  may 
lead  to  the  steam-space  of  the  engine  throttle,  or  to  the  exhaust 
pipe ;  or,  when  used  on  the  low-pressure  cylinder  of  a  compound, 

*  Presented  at   the   Boston    meeting   (May.    1902)  of    the   American   Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Transactions. 
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to  the  receiver  space.      The  cock  and  valve  are  shown  in  detail  in 
Figs.  204  and  20.5. 

2.   To  illustrate  its  nse,  a  nuinl)er  of  indicator  cards  are  here  re- 
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produced  (Figs.  206-211),  which  show  quite  cleai'ly  what  is  meant 
bv  inefficient  steam-pipe  installation.  The  double-looped  diagram 
above  the  indicator  card  is  the  steam-pipe  diagram.  The  height 
of  the  loop  measures  the  fluctuation  of  pressure  in  the  throttle,  or 


SO  Scale 


34.  Rev. 

Fig.  206. 


SO    B.P 


in  the  steam-pipe  near  the  cylinder,  while  the  distance  between 
the  lower  line  of  the  loop  and  the  top  of  the  indicator  card  indicates 
the  efficiency  of  the  ports  and  steam  passages  from  throttle  to 
cylinder. 


©O    Scale 


3e   Rev. 

Fig.  207. 


108    B.P 


3.  This  steam-pipe  or  throttle  card  is  well  known  among  ex- 
perienced engineers,  but  facilities  for  taking  such  cards  are  not 
commonly  provided.  The  need  of  such  facilities  arises  from  the 
fact  that  in  many  cases  the  initial  pressure  realized  in  the  engine 
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cylinder  is  so  much  less  than  the  pressure  at  the  boiler  as  to  raise 
troublesome  controversy  between  the  purchaser  and  the  builder 
of  the  engine. 

4.  This  4-way  cock  may  be  applied  exactly  as  the  oi'dinary 


SO  Scale,    leo  Rev. 


3-way,  if  desired,  the  lower  connections  being  removed  and  a  cap 
nut  substituted.  When  expert  tests  for  economical  performance 
are  made,  it  is  commonly  best  to  apply  indicators  at  each  end  of 
the  cylinder,  but  notwithstanding  this,  it  is  quite  usual  for  general 
purposes  to  pipe  up  so  as  to  enable  diagrams  to  be  taken  from 
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Fig.  309. 

each  end  of  the  cylinder  on  the  same  card.  In  piping  up  for  this 
purpose  either  with  this  4-way  cock,  or  with  the  ordinary  3-way 
cock,  it  is  advisable  to  use  long-radius  elbows  at  the  ends  of  the 
cylinder,  in  order  that  the  apparent  inefficiency  of  the  steam-pipe 
line  shall  not  be  influenced  by  inefficient  indicator  pipes. 
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5.  In  writing  specifications  for  engines,  various  phrases  are 
used  to  express  to  the  engine  builders  under  what  pressure  of 
steam  the  engine  is  to  work.  Sometimes  the  pressure  at  the  boiler 
is  stated,  but  this  makes  it  hard  to  fit  the  engine  to  the  work. 


80*  Scale      leo  Rev. 


considering  the  fact,  as  indicated  by  the  above  cards,  that  the 
realized  pressure  in  the  cylinder  may  be  quite  different  from  the 
pressure  at  the  boiler.     Sometimes  "  pressure  at  the  throttle  "  is 
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Fig.  an. 

referred  to,  but  again  it  becomes  clear  from  the  cards  shown  that 
the  pressure  at  the  throttle  may  be  very  uncertain,  owing  to  resist- 
ances to  flow  between  boiler  and  throttle,  which  cause  the  steam 
to  be  throttled  or  wire-dra^vn  into  the  cylinder,  during  admission — 
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but  occasionally  the  three-loop  diagram  is.  obtained  as  above  de- 
scribed. I  have,  in  some  cases,  obtained  pipe  diagrams  wdth  four, 
five,  or  more  loops,  the  even  number  of  loops  usually  giving  equal 
and  the  odd  number  imequal  heights  of  the  two  cards,  although 
there  are  exceptions  to  this  rule. 

Mr.  J.  E.  Woodwell. — The  definition  and  application  of  the 
term  "  initial  pressure,"  in  expressing  the  working  steam  pressure 
of  an  engine  given  by  the  author  of  the  paper,  appears  to  me  to 
be  more  objectionable  than  the  use  of  the  term  "  pressure  at  the 
throttle,"  and  for  precisely  the  reasons  which  have  been  already 
clearly  expressed  and  are  shown  by  the  throttle-pressure  diagrams. 
From  admission  w])  to  a  point  near  cut-off  depentling  upon  the 
type  and  design  of  the  valve  gear,  the  steam  entering  the  cylinder 
is  expanding  from  admission  pressure  down  to  the  pressure  real- 
ized before  the  beginning  of  cut-off  and  assumed  by  Mr.  Mansfield 
to  represent  the  initial  pressure  of  the  engine.  The  particular 
form  taken  by  the  steam  admission  line  is  dependent  upon  a  num- 
ber of  conditions,  such  as  the  rate  of  opening  and  closirre  of  valves 
and  the  resistance  of  steam  ports  and  passages  from  steam  chest 
to  cylinder,  all  of  which  are  inherent  in  the  design  of  the  engine ; 
and  will  also  be  influenced  by  external  losses  due  to  resistance  of 
steam  supply  piping.  The  greater  the  loss  due  to  wire-dra\ving, 
the  later  cut-off  will  occur  in  the  development  of  the  same  power 
in  the  cylinder  and  the  less  will  be  the  realized  pressure  before 
cut-off  begins  or  the  "  initial  pressure  "  defined  by  Mr.  Mansfield. 

The  initial  pressure  of  an  engine,  whether  defined  as  suggested 
by  the  author  or  taken  as  the  average  pressure  between  the  admis- 
sion point  and  a  point  near  cut-off,  will,  therefore,  be  subject  to 
the  same  effect  from  imperfectly  designed  valve  gear,  ports,  and 
passages  as  has  been  shown  to  result  from  loss  of  pressure  due  to 
wire-drawing  in  the  steam  piping  between  the  engine  and  boiler. 

An  accurate  definition  and  an  explicit  understanding  of  a  term 
which  shall  serve  as  a  criterion  for  the  specified  working  or  initial 
pressure  of  an  engine  is  necessary  both  in  order  to  protect  the 
builder  of  an  engine  from  the  results  of  adverse  conditions  of 
steam  supply  and  to  enable  the  purchaser  to  distinguish  between 
the  effect  of  the  latter  and  that  due  to  imperfectly  designed  valve 
gear  and  steam  passages. 

As  the  losses  in  steam  pressure  between  the  boiler  and  an  engine 
are  usually  under  the  control  of  the  purchaser,  and  those  due  to 
the  design  of  the  engine  to  the  builder,  I  suggest  as  the  most  con- 
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venieiit  term  for  a  coutract  basis  that  nf  "  pressure  at  the 
throttle,"  defined  as  the  average  steam  pressure  from  admission 
point  up  to  cut-off  shown  upon  the  throttle  pressure  indicator 
diagram. 

In  the  diagrams  exhibited  by  the  author,  the  "  throttle  pres- 
sure," as  defined  above,  is  shown  by  the  lower  line  of  the  steam- 
jupe  diagram  during  admission. 

The  use  of  the  term  "  jjressure  at  the  throttle,"  and  its  deter- 
mination as  described,  facilitated  by  the  convenient  use  of  the 
indicator  cock  designed  by  Mr.  Mansfield,  should  result  in  pre- 
venting otherwise  unavoidable  controversy  between  the  builder 
and  the  purchaser  of  an  engine. 

Mr.  Mansfield* — I  have  never  met  with  throttle  diagrams  like 
those  referred  to  by  Mv.  Barnaby,  although  I  have  seen  many 
cases  where  the  initial  pressure  at  one  end  of  cylinder  was  lower 
than  at  the  other  end,  without  apparent  cause.  Mr.  Barnaby's 
sketch  is  an  interesting  addition  to  my  collection.  Sometimes  oddi- 
ties of  the  throttle  card  are  due  to  the  fact  that  more  than  one  en- 
gine is  drawing  from  the  same  steam-pipe  line. 

Mr.  "Woodwell's  suggestion  that  "  throttle  pressure  "  be  taken 
as  the  average  pressure  at  the  throttle  during  admission,  as  re- 
vealed by  the  throttle  diagram,  appears  to  me  to  fall  a  little  short 
of  the  best  definition.  In  fixing  the  dimensions  of  an  expansion 
engine  to  produce  certain  guaranteed  results,  a  designer  has  in 
mind  some  determinate  pressure  of  steam  of  which  the  engine  will 
have  the  benefit.  If  this  pressure  is  to  be  subject  to  an  uncertain 
amount  of  reduction  due  to  faulty  arrangements  for  conveying 
the  steam  to  the  engine,  then  the  guaranties  which  -vould  apply 
to  the  assumed  case  would  not  be  suitable  to  this  accidental  con- 
dition. Hence,  may  it  not  be  better  to  define  "  throttle  pressure  " 
as  the  pressure  in  the  throttle  at  the  time  when  cut-off  begins — 
that  is,  when  using  the  term  in  specifications  for  expansion 
engines? 

*  Author's  closure,  under  the  Rules. 
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EEPAIEING    A    BROKEN    CYLINDER. 

BY    H.    M.    LANE,    SCKANTON,   PA. 

(Member  of  the  Society.) 

1.  When  visiting  the  plant  of  the  Lackawanna  Iron  and  Steel 
Company  recently,  the  writer  came  across  a  very  interesting  re- 
pair job,  and  as  the  methods  used  in  it  are  applicable  to  many 
similar  cases,  it  was  thought  that  a  short  description  of  it  would 
be  of  interest  to  the  members.  The  history  of  the  case  is  as 
follows : 

2.  The  engine  was  a  horizontal  blowing  engine  having  cylinders 
60  X  100  inches.  In  1896  the  engineer  started  his  engine  rather 
carelessly,  and  water  in  the  cylinder  knocked  out  the  head,  tear- 
ing away  a  portion  of  the  flange  on  the  end  of  the  cylinder  and 
breaking  away  a  little  of  the  casting  near  one  of  the  ports.  In 
order  to  repair  this  the  broken  portion  of  the  flange  was  removed 
and  a  new  casting  made  for  it.  A  pattern-maker  was  employed 
to  make  a  pattern  for  this,  and  also  a  pattern  for  a  brass  patch, 
which  was  to  go  over  the  back  of  the  cylinder  covering  the  broken 
parts  and  holding  them  in  place.  This -patch  was  about  the  size 
of  the  one  shown  in  Fig.  213.  It  took  the  pattern-maker  about  a 
week  to  glue  up  the  stock  and  work  out  this  pattern.  When  the 
pattern  was  complete  a  brass  casting  was  made  to  fit  over  the 
broken  parts  and  the  new  casting  which  was  to  replace  part  of  the 
flange,  and  holes  drilled  through  the  brass  into  the  cylinder. 
These  holes  were  fitted  with  reamed  bolts,  and  when  the  patch 
was  secured  in  place  the  edges  of  the  brass  were  calked  down  to 
the  cylinder  so  as  to  make  a  steam-tight  joint.  It  would  not  have 
been  safe  to  attempt  to  carry  the  cylinder  head  upon  this 
patched  flange,  and,  as  a  consequence,  a  strip  was  secured  to  the 
cylinder  back  of  the  ports  and  long  studs  carried  through  to  this 
strip,  thus  taking  all  strain  ofP  the  flange.  This  patching  job  was 
very  successful,  and  is  still  in  place.     Two  years  later,  in  1898,  a 

*  Presented  at  the  Boston  meeting  fMav.  190J)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  l^ransactions. 
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similar  accident  occurred  to  the  crosshead  end  of  the  cylinder, 
only  the  break  was  of  a  much  more  serious  nature.  The  entire 
upper  portion  of  the  front  end  of  the  cylinder  adjoining  both  ports 
Avas  broken  into  more  than  a  dozen  pieces.  The  company  wislied 
to  get  the  engine  started  as  quickly  as  possible.  They  went  to  the 
makers  and  asked  under  what  terms  they  could  make  a  new  cylin- 
der. The  makers  asked  $1,000,  and  could  not  furnish  it  short 
of  two  or  three  months.  As  a  consequence,  the  repair  gang  was 
set  at  work  to  see  if  thev  could  not  fi.\  the  cvlindcr. 


3.  ]\Ir.  A.  II.  Lee,  who  is  in  charge  of  the  blast  furnace  plant 
of  the  company,  planned  out  a  method  of  repair  which  proved 
very  efficient.  His  experience  of  two  years  jirevious  with  a 
wooden  pattern  had  shown  him  that  thismethodwasslowand  costly. 
As  a  consequence,  he  simply  placed  the  broken  pieces  together, 
blocking  them  in  jjosition  as  well  as  j^ossible.  He  then  had  one 
of  the  bricklayers  of  the  repair  gang  arrange  a  clay  patch  over 
the  In-oken  parts.  It  was  desired  to  make  this  clay  patch  jiist  one 
inch  thick  at  all  points,  and  to  accomplish  this  one-inch  brads  were 
forced  in  until  their  points  came  in  contact  with  the  iron,  and  the 
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clay  was  cut  down  flush  with  their  heads.  After  the  patch  was 
in  place,  a  rough  wooden  box  was  arranged  about  the  end  of  the 
cylinder  and  a  plaster  cast  taken  of  the  same.  As  soon  as  it  was 
hard  this  plaster  cast  was  removed,  the  clay  cleaned  off,  the  in- 
side of  the  plaster  cast  and  the  cylinder  treated  with  a  coat  of  oil, 
the  plaster  cast  returned  to  the  cylinder  and  plaster  of  Paris 
poured  in  between  the  outer  cast  and  the  cylinder,  thus  forming 
a  plaster  of  Paris  pattern  of  the  desired  form.  The  port,  shown  in 
Fig.  213,  was  of  such  a  form  that  a  single  pattern  could  be  made 
which  wo^ild  draw  from  the  sand  freely.     In  the  case  of  the  port 


shown  in  Fig.  214,  the  break  was  of  such  a  character  that  it  wnuld 
be  impossible  to  make  a  single  pattern  which  could  be  drawn 
from  the  sand,  and,  hence,  a  piece  of  tin  was  inserted  while  pour- 
ing the  patterns,  and  two  patterns,  a  and  h,  made.  After  the 
plaster  had  hardened  the  outer  cast  was  removed  and  the  plaster 
patterns  removed  from  the  cylinder. 

4.  It  was  foreseen  that  shrinkage  along  the  line  between  the 
castings  a  and  b  would  result  in  opening  this  space,  and,  as  a  con- 
sequence, wooden  strips  were  attached  to  these  edges  of  the  pat- 
tern.    While  it  took  the  pattern-maker  a  week  to  make  the  pat- 
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te-rns  for  the  head  end  of  the  cylinder,  all  of  the  patterns  for  the 
crosshead  end  of  the  cylinder  were  made  in  less  than  a  day. 
These  plaster  patterns  were  then  taken  to  the  foundry  and  brass 
castings  made  from  them.  It  Avas  found  that  these  castings  fitted 
the  cylinder  very  closely,  and  a  small  amount  of  filing  and  scrap- 
ing brought  them  to  a  remarkably  good  bearing.  After  this,  two 
or  three  holes  were  drilled  through  each  casting  and  the  cylinder 
and  rough  bolts  put  in.  Other  holes  were  then  drilled  and 
reamed  and  fitted  bolts  placed  in  them,  and  finally  the  holes  con- 
taining the  rough  bolts  were  reamed  and  fitted  bolts  placed  in 
them.  The  boilermaker  was  then  called  upon  to  calk  the 
joint  between  the  castings  a  and  b.  Fig.  214,  and  the  edges  along 
which  the  castings  came  in  contact  with  the  cylinders. 

5.  In  order  to  relieve  the  flange  from  strain  as  far  as  possible, 
the  strips,  c,  Figs.  213  and  214,  were  secured  to  the  cylinder  back  of 
the  ports  and  long  studs,  d,  carried  from  these  strips  through  the 
ports  and  cylinder  flanges  to  the  cylinder  head.  These  studs  were 
turned  with  collars,  as  shown  at  e,  which  would  serve  to  hold  the 
flange  in  place.  As  a  further  precaution,  the  new  cylinder  head 
was  made  thicker  than  the  old.  The  cylinder  in  its  patched  condi- 
tion did  not  leak  at  all  when  steam  was  turned  on,  and  has  been  in 
use  for  three  years.  It  has  now  been  removed  from  its  old  setting, 
and  will  be  used  with  its  engine  in  a  new  location.  When  the 
brass  patches  were  jilaced  upon  the  cylinder  the  space  beneath 
them  was  filled  with  Japan  filling,  so  as  to  aid  in  making  them 
steam  tight  and  in  giving  them  a  good  bearing.  All  of  the  breaks 
at  both  ends  of  the  cylinder  occurred  in  the  counterbore  and  ports, 
none  of  them  extending  into  the  portion  of  the  cylinder  over 
which  the  piston  travelled.  The  engine  was  actually  shut  down 
three  weeks  during  the  second  repair  job.  This  was  a  considerably 
longer  time  than  was  necessary;  but  after  the  repair  gang  had 
made  sure  that  they  could  mend  it  on  short  notice,  work  was  not 
pushed  so  rapidly  as  to  interfere  with  their  other  duties. 
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SOME  DETAILS  OF  DIRECT-COXNECTED  GENERATOR 

SETS."^ 

BT  WILLIAM  H.   BRTAN,   ST.   LOUIS,    MO. 

(Member  of  the  Society.) 

1.  The  results  of  a  recent  investigation  into  some  details  of  the 
design  and  construction  of  Steam-Driven  Direct  Connected  Gen- 
erators, may  be  of  interest.    The  inquiry  covered : 

First.  The  procedure  usually  followed  between  the  builder  of 
the  generator  and  the  builder  of  the  engine  in  reaching  an  under- 
standing regarding  the  detailed  design  of  shaft  and  bearings. 

Second.  The  method  of  construction  and  final  erection  pre- 
ferred. 

Third.  The  advantages  and  disadvantages  of  a  shaft  coupled 
by  flanges,  as  compared  with  a  continuous  shaft. 

Correspondence  regarding  these  points  was  conducted  with  a 
number  of  the  leading  engine  and  generator  builders,  and  was  sup- 
plemented by  personal  interviews  as  opportunity  offered. 

2.  There  seemed  to  be  a  practically  unanimous  agreement  to  fol- 
low the  general  design  and  dimensions  recommended  by  the  So- 
ciety's Committee  on  Standardization  of  Engines  and  Dynamos 
in  its  final  report  at  the  New  York  meeting,  December  1901. 
Pending  the  adoption  of  these  rules,  however,  or  where  for  any 
reason  the  case  seems  to  demand  special  consideration,  the  follow- 
ing procedure  is  usually  followed : 

*  Presented  at  the  Boston  meeting  (May,  1902)  of  tlie  American  Society 
of  Mechanical  Engineers,  and  formingpart  of  Volume  XXIII.  of  the  Transactions. 
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On  receipt  of  the  order  at  the  works  of  the  generator  builder, 
a  certified  dimension  print  is  prepared,  giving  the  data  which  the 
engine  man  needs  to  design  his  shaft.    This  drawing  shows : 

A.  The  limit  lines  beyond  which  the  engine  parts  must  not  ex- 
tend. 

B.  The  form  which  the  shaft  should  have  within  the  armature 
spider. 

C.  The  weights  of  revolving  parts. 

D.  The  unbalanced  magnetic  pull  for  1-32  inch  displacement 
which  might  result  from  the  armature  getting  a  little  out  of  centre, 
by  the  wearing  pf  bearings  or  otherwise. 

Usually  the  diameter  of  the  shaft  is  left  wholly  to  the  engine 
builder,  after  putting  him  in  possession  of  the  data  necessary  to 
design  the  same  intelligently.  The  custom  is  now  almost  universal 
of  supporting  the  brush  holder  rigging  on  the  generator  frame,  so 
that  the  engine  builder  is  relieved  of  any  responsibility  on  that 
account.  As  a  rule,  also,  the  engine  builder  furnishes  the  ex- 
tended base,  outboard  bearing,  holding  doAvn  bolts,  and  shaft  keys. 

3.  The  unbalanced  magnetic  pull  (paragraph  D  above)  is  of 
decided  importance,  and  its  possible  effect  must  not  be  overlooked. 
This  pull  may,  of  course,  be  in  any  direction  in  the  plane  of  revolu- 
tion, and  it  varies  as  the  square  of  the  displacement.  It  must  be 
considered  in  determining  shaft  dimensions  and  bearings,  as  it 
may  occur  in  a  vertical  plane,  and  thus  have  the  same  effect  as  ad- 
ditional weight  of  armature.  It  may  also  occur  in  a  horizontal 
plane,  and  must,  therefore,  be  considered  in  designing  the  bed  plate 
and  foundation  bolts. 

Usually  the  generator  builder  makes  his  armature  hub  suffi- 
ciently thick  to  provide  for  considerable  variation  in  the  diameter 
of  the  shaft,  as  may  be  required  by  different  engine  builders.  If 
for  any  reason  the  generator  builder  has  already  fixed  the  bore  of 
the  armature  the  engine  builder  is  expected  to  meet  that  condition. 
If  he  cannot  readily  do  so,  the  matter  is  one  which  must  be  taken 
up  further  for  adjustment,  or  settled  by  the  purchaser  or  his  engi- 
neer. 

4.  On  receipt  of  the  above  data,  the  engine  builder  is  supposed 
to  proceed  at  once  with  the  design  of  a  shaft  suitable  for  the  in- 
tended work.  When  completed,  his  drawings  are  forwarded  to 
the  generator  contractor  for  checking  and  approval.  On  receipt 
of  approved  drawings  the  engine  builder  proceeds  mth  the  con- 
struction of  the  shaft. 
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As  soon  as  possible  after  receipt  of  the  shaft  dimensions  from 
the  engine  builder,  the  contractor  for  the  generator  prepares  a 
pin  gauge  giving  the  exact  dimensions  of  the  bore  of  the  armature 
hub.  There  is  a  general  acquiescence  in  the  recommendation  of  the 
Society's  Committee  that  the  engine  builder  make  the  necessary  al- 
lowance for  the  press  fit.  A  few  builders,  however,  advise 
that  the  generator  contractor  provide  the  allowance  when  making 
the  gauge,  so  that  it  will  show  the  actual  diameter  to  which 
the  finished  shaft  is  to  be  turned.  In  justification  of  this  position 
they  claim  that  the  allowance  depends  far  more  on  the  material 
of  the  armature  and  the  design  of  the  hub,  than  it  does  on  the 
shaft.  In  most  cases  the  allowances  recommended  by  the  Society's 
Committee  for  shrink  fit  are  considered  ample,  although  one  prom- 
inent generator  builder  thinks  the  allowance  should  be  doubled. 

5.  Sometimes  there  is  a  departure  from  the  above  plan  of 
procedure  to  the  extent  that  the  one  whose  work  is  furthest  ad- 
vanced makes  the  piii  gauge,  and  sends  it  to  the  other,  who  governs 
himself  accordingly. 

Although  all  generator  builders  claim,  in  advance  of  award  of 
the  contract,  that  they  are  prepared  to  furnish  generator  data  to  the 
engine  builder  almost  immediately  on  receipt  of  order,  there  is 
almost  invariably  a  serious  delay  in  reaching  an  agreement  be- 
tween the  two  contractors.  This  loss  of  time  is  sometimes  due  to  • 
the  necessary  "red  tape"  through  which  an  order  must  pass  before 
it  reaches  the  construction  department.  Sometimes  it  is  claimed 
to  be  due  to  delays  in  the  mails.  Sometimes  the  data  is  withheld 
pending  the  execution  of  the  formal  contract  by  the  proper  officials. 
These  delays  are  often  serious  when  the  work  is  of  the  "rush" 
order,  and  it  seems  that  an  effort  in  good  faith  should  be  made  to 
avoid  them.  Is  there  any  good  reason  why  full  data  on  standard 
machines — even  including  shaft  gauges — should  not  be  kept  on 
hand  at  the  district  offices  for  immediate  delivery  to  the  engine 
builder  on  award  of  contract?  It  has  even  been  suggested  that 
bidders  on  generators  be  required  to  file  with  their  proposals 
the  necessary  shaft  data.  This  would  save  much  vexatious 
delay.  It  is,  of  course,  presumed  that  the  speed  of  rotation  has 
been  decided  upon  and  agreed  to  by  both  parties  when  the  con- 
tracts are  closed. 

6.  When  the  engine  contractor  returns  his  drawings  of  the 
shaft  to  the  generator  builder  the  following  information  is  sup- 
posed to  be  given; 
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E.  Direction  of  rotation — whether  clockwise  or  opposite — 
when  looking  at  the  commutator  end  of  the  machine. 

F.  Location  of  the  generator  with  reference  to  the  engine, 
whether  the  conuimtator  is  on  the  right  or  left  of  the  generator 
■>vhen  standing  at  the  cylinder  and  facing  the  shaft. 

0.  Further  details,  such  as  whether  there  are  one  or  more 
cranks,  whether  they  are  solid  forged  or  forced  on,  height  of 
centre  of  shaft  above  floor,  diameter  of  shaft,  location  of  armature 
and  fly-wheel  in  relation  to  bearings,  dimensions  and  weight  of 
fly-wheel,  length  of  hub  and  cross  section  of  rim. 

Some  difference  of  opinion  exists  as  to  the  best  method  and  place 
of  erecting  the  armature  on  the  engine  shaft.  The  ordinary  prac- 
tice for  small  and  medium  sized  units  is  for  the  engine  contractor 
to  place  the  shaft  in  final  position  where  the  unit  is  to  be  used, 
after  which  the  generator  contractor  presses  on  the  armature, 
and  completes  the  adjustment  of  the  electrical  machine  ready  for 
service.  This  necessarily  involves  some  extra  expense  when  the 
point  of  erection  is  at  some  distance  from  the  builders'  shops,  or 
where  they  have  no  local  erecting  gang.  Furthermore,  the  work 
is  always  more  expensive,  and  can  never  be  as  satisfactorily  or  as 
quickly  done,  as  in  the  shops  of  one  or  the  other  of  the  builders. 
There  is  a  widespread  sentiment,  therefore,  that  either  the  gen- 
erator contractor  shoidd  send  his  armature  to  the  engine  shops 
where  it  can  be  placed  on  the  shaft  by  the  engine  builder ;  or  that 
the  shaft  itself — in  whole  or  in  part — be  shipped  to  the  generator 
builder  for  the  armatui'e  to  be  pressed  on,  the  latter  arrangement 
seeming  the  preferable  one.  This  plan  possesses  many  advantages, 
but  is  open  to  the  criticism  that  extra  freight  charges  are  incurred, 
and  delays  invited. 

7.  The  relative  location  of  the  two  shops  with  reference  to  the 
point  of  final  use  would  seem  to  be  a  factor  in  determining  which 
shop  should  press  the  armature  on.  For  a  set  destined  for  erection 
in  St.  Louis,  for  instance,  the  engines  being  built  at  Springfield, 
111.,  and  the  generators  at  Schenectady,  IST.  Y.,  it  would  not  be 
justifiable  to  ship  the  engine  shaft  to  Schenectady,  and  return. 
The  fact  that  as  soon  as  the  armature  is  attached  to  the  shaft  the 
whole  becomes  electrical  apparatus,  and  takes  a  higher  freight 
classification,  has  a  bearing  on  the  subject ;  also  that  there  is  an 
increased  freight  cost  in  dividing  shipments  instead  of  concentrat- 
ing them.  The  contracts  should  state  definitely  who  is  to  pay  the 
increased  freight  charges. 
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Trouble  often  results  from  the  erection  of  the  armature  on  the 
engine  shaft  at  a  distance  from  the  shop,  where  competent  men 
and  suitable  facilities  are  not  always  to  be  had.  This  is  particu- 
larly the  case  with  centre  crank  engines,  where  the  crank  pin 
may  be  sprung,  unless  a  piece  is  fitted  between  the  jaws  of  the 
crank  before  the  pressure  is  put  on. 

8.  Several  prominent  builders  recommend  mounting  the  arma- 
tures on  conical  collars  instead  of  the  usual  press  fit.  This  is 
claimed  to  lessen  the  time  of  erection,  obviate  the  chances  of 
springing  the  shaft,  and  remove  all  danger  of  misfit.  Further- 
more, if  the  owner  ever  desires  to  remove  the  armature,  it  becomes 
a  simple  and  inexi^ensive  matter.  On  the  other  hand  it  is  claimed 
by  many  large  builders  that  the  press  fit  is  more  rigid,  distributes 
the  strains  better,  is  less  expensive,  and,  everything  considered, 
is  superior. 

9.  For  many  years  I  have  specified  that  the  engine  shaft  carry- 
ing the  armature  should  be  continuous,  and  not  coupled  by  flanges 
or  otherwise.  This  arrangement  seemed  to  have  the  approval  of 
the  best  engineers  and  builders  on  account  of  its  superior  rigidity 
and  reliability,  as  well  as  the  space  required  on  the  shaft.  It  is 
still  preferred  by  most  of  the  largest  generator  builders,  although 
many  of  them  do  not  object  particularly  to  the  coupled  construc- 
tion. Sometimes  the  use  of  the  solid  construction  involves  delay  in 
getting  the  necessary  forgings,  as  well  as  extra  cost,  if  it  is  a  rush 
order.  Ordinarily,  however,  the  coupled  construction  is  the  more 
expensive  one,  but  some  time  may  be  saved  by  its  use.  I  was  sur- 
prised to  find  a  large  and  growing  sentiment  among  builders  of 
centre  crank  engines  in  favor  of  the  coupled  form  of  shaft,  the  ar- 
gument being  substantially  as  follows: 

10.  The  armature  shaft  being  a  short  and  simple  structure 
could  readily  be  sent  to  the  generator  shops  for  the  armature  to  be 
pressed  on,  freight  and  boxing  both  being  less.  Time  could  always 
be  saved,  as  it  would  only  be  necessary  to  fit  the  shaft,  adjust  it  cen- 
trally in  the  outer  bearing,  then  box  and  ship  it,  the  main  shaft 
being  retained  to  complete  the  work  of  balancing,  polishing,  etc. 
There  will  be  no  danger  of  springing  the  shaft,  as  explained 
above.  Earlier  delivery  of  the  complete  engine  could  usually  be 
made,  as  the  engine  shafts  could  be  made  in  quantities,  and  kept 
in  stock.  When  time  is  short  the  engine  builder  could  complete 
all  his  work,  except  the  extended  shaft,  whereas  there  is  often  n 
delay  if  a  continuous  steel  forging  is  necessary.    The  entire  engine 
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can  be  completed — and  even  tested — while  waiting  for  the  forging 
for  the  armature  shaft,  which  on  arrival  can  be  finished  up  in  a 
few  days.  Some  builders  are  preparing  to  make  up  a  stock  of 
crank  shafts  with  flanges  finished  solid  on  the  end  of  the  shaft 
ready  to  receive  the  flanged  armature  shaft,  which  -will  be  spe- 
cially constructed  in  each  case  to  fit  the  generator  selected.  The 
saving  in  time  and  expense  is  obvious. 

I  have  not  been  able  to  satisfy  myself,  however,  that  a  coupled 
shaft  is  as  desirable,  everything  considered,  as  the  solid  one,  as 
the  chances  for  inaccuracy  and  derangement  appear  greater.  The 
increased  space  required  is  also  often  important,  particularly  in 
city  plants.  There  is  room  for  argument  on  this  point,  however, 
and  the  hope  for  a  full  discussion  is  my  principal  incentive  for 
presenting  this  paper. 

11.  Is  the  overload  limit  of  25  per  cent,  recommended  by  the 
Committee  wise?  Most  generator  builders  now  guarantee  their 
standard  machines  to  safely  carry  50  per  cent,  overload  for  one 
hour  or  longer.  Should  not  the  engine  have  a  similar  margin? 
Often  the  peak  of  the  load  lasts  but  an  hour  or  so,  and  it  is  better 
engineering  to  run  at  reduced  efficiency  for  this  short  period, 
rather  than  to  invest  a  greater  amount  in  a  unit  which  will  be 
underloaded  for  the  rest  of  the  24  hours.  This  can  be  accom- 
plished by  a  later  cut-off,  if  the  engine  is  structurally  strong 
enough.  Part  might  also  be  gained  by  running  up  the  steam 
pressure  a  little,  but  this  is  not  always  permissible. 

It  is  to  be  hoped  that  engine  and  generator  builders  will 
promptly  carry  out  their  agreement  as  to  early  compliance  with  the 
details  established  by  the  Society's  Committee  on  Standardization, 
and  that  there  will  result  great  shortening  in  the  time  now  neces- 
sary to  agree  on  shaft  data.  May  the  day  speedily  come,  also, 
when  a  similar  agreement  may  be  reached  as  to  standard  sizes  of 
alternating  and  railway  generators. 

DISCUSSION. 

Mr.  J.  B.  Stanwood. — Mr.  Bryan's  paper  is  of  interest  to  those 
of  us  who  labored  \vith  the  problem  of  Standardization  of  Engines 
and  Dynamos,  and  it  gives  great  satisfaction  to  learn  that  there 
is  a  practically  unanimous  agreement  among  manufactures  to  fol- 
low the  recommendations  of  the  Society's  Committee.  An  influ- 
ence which  would  contribute  largely  to  the  more  general  adoption 


530        SOME   DETAILS   OF   DIBECT-CONNECTED   GENERATOR   SETS. 

of  these  standards  would  be  the  general  use  by  consulting  en- 
gineers and  architects  of  these  recommendations  in  their  specifica- 
tions. 

The  scheme  of  standardization  seems  to  depend  to  a  great  ex- 
tent upon  the  establishm.ent  of  standard  sizes  for  the  armature 
bores.  With  these  bores  well  fixed  for  different  sizes  of  vmits 
and  for  the  two  classes  of  engines — centre-crank  and  side-crank — 
the  dynamo  builder  is  enabled  to  manufacture  his  armatures  in 
quantity,  thereby  cheapening  the  cost  and  facilitating  the  delivery 
of  the  generators;  the  engine  builder  is  in  a  similar  position  with 
his  shafts,  for  the  forgings,  especially  those  for  centre-crank  en- 
gines, can  be  kept  in  stock  in  anticipation  of  orders,  and  the  fin- 
ished length  and  fit  can  be  made  on  short  notice  after  the  entire 
engine  is  built. 

To  the  Committee  it  seemed  more  practicable  that  the  generator 
builder  should  fix  the  bore  and  that  the  engine  builder  should  work 
to  gauges  furnished.  This  especially  is  necessary  where  the  arma- 
ture bore  is  sized  by  standard  plugs  to  which  the  hole  is  scraped 
straight  and  to  size.  The  engine  builder  can  more  easily  grind 
the  shaft  to  a  fit  than  the  hole  can  be  bored  and  scraped  to  a  gauge. 

As  to  the  character  of  the  fit,  the  Comirdttee  selected  a  shrink- 
age which  would  be  as  small  as  possible,  yet  sufiicient  to  insure 
that  the  armature  should  be  at  least  tight  on  the  shaft.  Some 
generator  builders  have  written  me  that  they  will  use  only  one 
armature  casting,  and  that  large  enough  to  fit  the  larger  shafts  of 
side-crank  engines;  then,  for  the  smaller  centre-crank  shafts,  they 
will  bore  out  the  hub  for  conical  collars  fitting  the  smaller  shafts; 
by  this  means  they  have  only  one  armature  casting  for  both  the 
side  and  centre-crank  shafts. 

Whether  the  shaft  should  be  contimious  or  not,  is  a  matter 
which  the  Committee  did  not  feel  called  upon  to  decide.  If  the 
above  arrangement  of  one  bore  and  conical  collars  is  found  to  be 
practicable,  the  centre-crank  shafts,  which  have  to  be  handled  with 
care,  will  need  no  press  fit,  and,  therefore,  need  not  be  in  sections. 
The  side-crank  shaft,  whch  should  not  be  in  sections,  can  be  more 
safely  pressed  into  the  armature  at  the  place  of  erection,  if  so 
desired. 

As  to  overload,  the  Committee  considered  that  a  too  large  over- 
load capacity  would  tend  to  low  economy  in  the  engine.  With 
some  types — notably  non-condensing  compounds — the  maximum 
load  is  nearly  the  most  economical  one,  so  that  to  call  for  great 
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overload  engine  capacity  would  compel  engines  of  thiis  class  to 
operate  a  large  portion  of  the  time  at  low  rates  of  economy. 

There  is  a  difference  in  the  character  of  engine  and  dynamo 
capacity.  With  an  engine,  if  the  capacity  is  there  for  short  peri- 
ods, it  is  there  for  long  periods  (if  structurally  strong  enough). 
With  a  dynamo  a  short,  heavy  overload  can  be  safely  maintained, 
which,  if  prolonged,  would  prove  dangerous.  In  view  of  this  dif- 
ference, it  would  appear  to  be  good  practice  to  have,  as  a  matter 
of  safety,  the  generator  capacity  at  any  rate  greater,  as  is  usually 
the  case,  than  that  of  the  engine. 

Mr.  ^Yalter  M.  3IcFar]and. — As  a  member  of  the  Committee 
on  Standardization  of  Engines  and  Dynamos,  I  am  naturally  much 
pleased  to  note  ilr.  Bryan's  remarks  in  Paragraph  2  of  his  paper, 
where  he  says  that  his  investigation  has  shown  that  there  is  a 
practically  unanimous  agreement  to  follow  the  reeonunendations 
of  the  Standardization  Committee.  This,  of  course,  we  had  every 
reason  to  expect  from  the  statements  made  to  us  by  builders  of 
engines  and  generators  with  whom  we  were  in  constant  touch  dur- 
ing the  sessions  of  the  Conunittee. 

The  remarks  in  Paragraph  5,  with  respect  to  the  matter  of  de- 
lay in  the  mutual  agreement  of  the  engine  and  generator  builders 
about  shaft  data,  speed  of  rotations,  etc.,  seem  to  me  to  show  the 
importance  of  the  work  which  the  Committee  did,  and  also  that 
when  it  is  generally  understood  that  direct-connected  sets  will  be 
constructed  in  accordance  ^vith  the  standards  recommended  by  the 
Committee,  there  will  be  no  further  excuse  for  the  delay. 

It  seems  to  me  hardly  admissible  for  district  offices  to  have  the 
final  decision  with  respect  to  some  of  the  items  discussed  in  Para- 
graph 5,  and  especially  for  the  district  offices  to  have  the  shaft 
gauges  on  hand.  Their  normal  work  is  so  entirely  different  from 
this  question  that  I  fear,  where  we  are  working  -with  differences 
of  a  few  thousandths  of  an  inch,  trouble  would  arise.  It  seems  to 
me  that  these  gauges  ought  always  to  be  sent  directly  from  the 
shop. 

On  general  principles,  I  am  certainly  disposed  to  agree  with 
Mr.  Bryan  that  the  continuous  shaft  is  preferable  to  one  with  a 
coupling,  but,  like  him,  I  believe  it  would  be  beneficial  if  there 
were  a  full  discussion  of  this  partictilar  point,  the  discussion  natu- 
rally taking  the  shape  of  a  presentation  by  the  advocates  of  the 
coTipling  of  its  advantages,  and  how  assurance  can  be  given  that 
there  will  be  no  danger  of  lack  of  alignment.  There  is,  of  course, 
3.5 
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the  objection  that  even  couplings  forged  on  the  shaft  take  up  more 
room  than  a  continuous  shaft,  and  separate  couplings,  forced  on, 
still  more.  In  any  case,  the  couplings  should  certainly  be  male 
and  female.  The  problem  is  mainly  for  the  engine  builder,  but 
the  builder  of  the  generator  is  naturally  interested  that  no  scheme 
shall  be  adopted  unless  it  guarantees  alignment  and  ample  rigidity 
to  guard  against  undue  deflection.  In  the  case  of  these  small 
combined  units,  it  often  happens  that  the  generator  builder  has 
to  take  the  contract  for  the  whole  unit,  engine  as  well  as  genera- 
tor, so  it  is  important  that  the  views  expressed  should  insist  upon 
a  method  which  will  insure  the  integrity  of  the  shaft. 

With  respect  to  the  question  of  over-load  limit  in  Paragraph  11, 
it  should  be  noted  that  the  recommendations  of  the  Committee  in 
Paragraph  10  of  its  report  were  entirely  at  the  request  of  the 
engine  builders.  As  Mr.  Bryan  correctly  states,  dynamo  builders 
are  prepared  to  guarantee  an  over-load  capacity  of  jO  per  cent,  for 
an  hour  or  longer,  and  it  would  have  been  entirely  .agreeable  to 
the  members  of  the  Committee  representing  electrical  firms  to 
have  had  STich  an  over-load  rating.  I  am  sure  that  if  the  engine 
builders,  on  further  consideration,  care  to  have  the  Committee's 
report  amended  so  as  to  allow  50  per  cent,  as  the  over-load,  there 
would  be  no  objection  on  the  part  of  the  Committee. 

Mr.  W.  D.  Forbes. — I  regret  that  we  have  not  time  to  go  into 
this  paper  a  little  more  fully,  but  as  a  member  of  the  Committee 
referred  to,  I  vvish  to  say  a  few  words. 

The  paper  is  practically  an  admission  that  we  cannot  bore  holes 
as  truly  to  gauge  as  we  can  turn  shafts.  This  matter  of  holes  in 
armature  spiders  is  a  daily  source  of  trouble  to  me.  When  I  first 
began  connecting  engines  and  generators,  and  received  the  gauges 
of  the  armature  bore  from  the  generator  builders,  I  used  them 
and  made  a  shaft  at  once  to  the  gauge  before  I  found  out  when 
I  got  the  holes  I  had  to  make  another  shaft  to  fit  them.  I  think 
one  trouble  is  that  the  holes  in  the  spiders  are  strained  when  using 
the  testing  shafts.  I  cannot  understand  the  necessity  of  these 
pin  gauges.  With  the  magnificent  work  which  we  get  from  a 
man  like  Mr.  Bond,  why  with  his  standard  gauges  cannot  holes 
be  made  to  them,  and  we  certainly  can  make  shafts  to  fit  standard 
gauges. 

Among  the  great  engineers  who  are  the  figures  in  this  Society 
I  am  but  a  cipher,  and  my  opinion  is  of  but  little  weight,  but  I 
wish  to  call  your  attention  to  the  value  of  our  discussions.      They 
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are,  in  my  opiniou,  extremely  instructive,  and  of  as  much  im- 
portance as  the  papers  themselves,  as  they  bi-ing  out  the  differences 
of  opinion;  but  I  wish  to  say  positively  that  I  think  we  are  going 
wrong  when  these  discussions  cease  to  be  mental  and  become  per- 
sonal. 

Mr.  William  Kent. — Mr.  Bryan  asks,  "  Is  the  over-load  limit  of 
25  per  cent,  recommended  by  the  committee  wise?  Most  genera- 
tor builders  guarantee  their  standard  machines  to  safely  carry  50 
per  cent,  over-load  for  one  hour  or  longer.  Should  not  the  en- 
gine have  a  similar  margin?  "  I  have  run  across  something  lately 
which  seems  to  indicate  why  the  engine  builders  specify  25  per 
cent,  over-load  instead  of  50  per  cent..  It  is  entirely  a  matter  of 
the  price  of  the  engine.  If  a  man  wishes  to  buy  a  250-horse-power 
engine  he  ordinarily  thinks  about  the  price;  the  man  who  puts  in 
the  smallest  engine  \\i\\  be  able  to  name  the  lowest  price,  and  the 
smallest  engine  will  carry  the  smallest  over-load.  It  is  the  same 
reason  which  induced  the  boiler  makers  of  the  country  to  change 
the  amount  of  heating  surface  per  horse-power  from  12  to  10 
square  feet,  and  in  some  cases  to  8  square  feet  or  less;  that  is,  to 
make  a  smaller  boiler  in  order  to  meet  competition.  I  hope  the 
Committee  will  take  a  stand  against  that,  so  that  an  engine  rated 
at  a  certain  horse-power  at  its  most  economical  load  will  be  capable 
of  running  at  40  per  cent,  or  50  per  cent,  over-load. 

Mr.  Forbes. — What  is  the  use  of  calling  an  engine  50  horse- 
power and  then  making  it  75?  In  the  United  States  Xavy  they 
ask  for  33^  per  cent,  over-load.  I  asked  the  officers  why  that  was. 
They  said,  if  a  shell  strikes  lis,  we  may  want  a  little  extra  power. 
Nobody  knows  what  is  going  to  happen  when  a  shell  strikes  a  ship. 
It  may  result  in  a  500  per  cent,  overload.  I  cannot  understand 
why  we  should  have  any  over-load.  Sell  things  for  what  they  are 
and  call  them  what  they  are. 

Mr.  Kent. — I  am  glad  to  answer  the  question  directly.  A  man 
wants  to  run  his  factory  with  say  250  horse-power  during  the  day. 
He  wants  to  put  on  100  horse-power  extra  for  lighting  while  work- 
ing at  night.  That  is  the  case,  I  think,  the  engine  builders  ought 
to  meet.  While  it  has  been  said  that  50  per  cent,  over-load  cannot 
always  be  reached  on  an  engine  which  gives  its  rating  at  an  econo- 
mical load,  40  per  cent,  over-load  may  be  reached,  or  30. 

Mr.  Forbes. — Then  sell  it  for  just  what  it  is ;  sell  it  for  a  75- 
horse-power  engine.  Do  not  call  it  50  and  then  say,  no,  it  is  some- 
thing else. 
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Mr.  Kent. — From  time  immemorial  the  custom  of  the  country 
has  been  to  sell  boilers  and  engines  on  that  understanding — that 
the}'  are  to  be  rated  at  the  economical  load,  but  to  have  a  capacity 
for  over-load.  Why  do  we  want  to  change  that  and  say  that  an 
engine  rated  for  100  horse-power  will  give  no  more  than  100 
horse-power  ? 

The  Boiler  Test  Committee  recently  reported  as  to  boiler  ratings 
that  the  rating  of  the  boiler  should  be  that  capacity  at  which  it 
would  show  good  economy,  but  that  it  should  be  capable  of  devel- 
oping at  least  one-third  more  than  the  rated  capacity  when  the 
full  draft  is  used  and  the  fires  crowded.  Why  should  not  a  similar 
method  of  rating  be  used  for  engines? 

Mr.  William  H.  Bryan.* — I  am  glad  to  note  the  continued  in- 
terest in  this  subject.  Admitting  that  improvement  has  been 
made,  there  is  room  for  further  advancement.  Too  much  time  is 
still  lost  while  the  engine  and  generator  contractors  are  getting 
together  on  shaft  details.  It  seems  to  me  that  Mr.  Forbes's  point 
is  well  taken — that  this  work  could  and  should  be  done  accurately 
to  gauge.  Certainly  an  important  advantage  will  be  gained  when 
engine  and  generator  builders  can  carry  their  standard  machines 
in  stock,  ready  for  immediate  assembling. 

If  coupled  shafts  are  to  be  used,  however,  why  should  not  the 
generator  builder  furnish  the  shaft  rigidly  secured  to  armature, 
ready  for  engine  coupling  and  outboard  bearing?  Woiild  not  this 
greatly  simplify  and  expediatc  the  work? 

The  proper  horse-poAver  rating  of  an  engine  has  not,  it  seems, 
received  exact  definition  by  competent  authority.  Cylinder  di- 
mensions, speed,  and  initial  pressure  do  not  tell  the  whole  story. 
The  most  efficient  point  of  cut-off,  the  latest  CTit-off,  and  the  struc- 
tural strength  and  wearing  qualities  of  the  machine  are  equally 
important.  The  rating  of  a  dynamo  has  been  established  by  the 
best  practice  to  be  that  capacity  at  which  its  efficiency  will  be  the 
maximum,  and  at  which  it  can  run  continuously  mthout  distress. 
It  must  be  capable  in  emergencies  of  developing  from  one-third  to 
one-half  more  for  short  periods  AAdthout  injury.  The  same  is  true 
for  boilers.  Is  there  any  reason  why  engine  ratings  should  not 
be  governed  by  substantially  the  same  requirements?  Efficiency 
is  sacrificed  in  both  generators  and  boilers  when  overloaded,  and 
the  same  is  permissible  in  engines.  It  is,  of  course,  good  practice 
to  have  the  capacity  of  the  engine  slightly  lower  than  that  of  the 
*  Author's  closare,  under  the  Roles. 
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generator,  bo  that  it  will  slow  down  and  protect  the  unit  in  the 
event  of  serious  over-load.  It  is  folly,  however,  to  purchase  a 
generator  capable  of  carrying  50  per  cent,  over-load  for  an  hour 
when  its  engine  cannot  pull  it.  While  it  is  true  in  the  abstract 
that  if  an  engine  can  carry  an  over-load  at  all  it  can  do  so  con- 
tinuously, the  fact  remains  that  we  do  not  hesitate  to  overload 
engines  for  short  periods  to  an  extent  which  we  would  not  for  a 
moment  contemplate  carrying  on  them  continuously.  In  my  speci- 
fications, of  late,  I  have  been  calling  for  one-third  over-load,  and 
have  no  difficulty  in  securing  proposals. 

It  is  to  be  hoped  that  engine  builders  will  find  a  way  to  meet 
these  over-load  requirements.  In  the  meantime,  engineers  and 
architects  should  be  urged  to  adhere  to  the  Society's  code  when 
writing  specifications. 
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ELEVATOR   SAFETIES.^ 

BY  CHARLES  R.  PRATT,   MONTCLAIR,   N.  J. 

(Member  of  the  Society.) 

1,  In  my  paper  on  Elevators  presented  at  our  meeting  in  Wash- 
ington in  May  1899,  vol.  xx,  No.  820,  p.  804,  I  described  two 
devices  (Figs.  215,  216,  and  217)  -which  up  to  that  tuue  were  the 
best  known  means  of  stopping  an  elevator  car  by  gripping  steel 
guide  rails.  These  two  devices  were  then  so  far  superior  to  any- 
thing else  that  had  ever  been  used  for  this  purpose,  that  their 
defects,  while  well  known  to  the  author,  were  not  fair  subjects 
for  criticism.  Now,  however,  as  these  two  devices  represent  the 
two  general  principles  common  to  all  methods  of  gripping  a  steel 
guide  rail,  their  defects  must  be  described  in  order  to  show  why  and 
how  they  have  been  overcome. 

2.  In  the  first  place,  let  the  author  confess,  with  due  humility, 
that  there  is  probably  not  one  man,  with  a  well-balanced  mind, 
a  due  regard  for  his  life,  and  a  thorough  knowledge  of  elevator 
safeties,  who  would  get  in  an  elevator  car  and  have  the  ropes 
cut  and  depend  upon  any  of  these  aforesaid  safeties  to  let  him 
down  easy.  And  while  I  am  not,  at  the  moment  of  writing,  pre- 
pared to  say  that  I  am  willing  to  prove  the  reliability  of  my  latest 
type  of  safety,  by  being  in  the  car  when  the  ropes  are  cut,  I  can 
report  unofficially  that  the  draughtsmen,  the  foremen,  and  machin- 
ists, do  this  for  fun  when  I  am  not  around  to  prevent  it,  which  is 
a  tribute  of  confidence  never  paid  to  any  other  elevator 
safety.  I  cite  these  incidents  to  show  the  necessity  for  improve- 
ment in  this  very  important  function  of  protecting  the  lives  of 
the  millions  of  people  who  daily  ride  in  elevators.  And  the  fact 
that  elevator  accidents  are  of  rare  occurrence,  is  no  excuse  for 

*  Presented  at  the  Boston  meeting  (May,  1903)  of  the  American  Pociety 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Trunsaetions. 

f  For  further  references  on  this  subject  see  Transactions  as  follows  : 
Vol.  XX,  p.  804:  "Elevators."    Chas.  R.  Pratt. 
Vol.  XX.,  p.  629  :  "The  Plunger  Elevator."    Geo.  I.  Alden. 
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inadequate  means  of  stopping  the  car  in  case  of  any  accident  to  it8 
hoisting  apparatus. 

3.  Owing  to  the  fact  that  nearly  all  elevator  accidents  are  due 
to  failure  of  the  hoisting  machinery  and  not  to  the  breaking  of 
the  ropes,  and,  therefore,  the  car  speed  accelerates  too  gradually 
to  slacken  the  ropes  suiSciently  to  operate  a  safety  by  means  of 
slack  hoisting  ropes,  the  safety  must  be  operated  by  some  form 
of  speed  governor.  The  next  consideration  is,  with  what  shall 
the  device  on  the  car  engage  to  stop  its  fall  easily?  My  former 
paper  on  Elevators  described  about  all  the  different  means  used 
for  this  purpose,  and  experience  seems  to  prove  that  the  guide 
rails,  wood  or  steel,  are  the  best  supports  for  a  gripping  device 
on  the  car  to  engage.  Experience  also  shows  that  a  centrifugal 
speed  governor  is  the  best  means  of  operating  the  safety. 


Lenfflh  of  Channel  =(Ustance  betwe* 


4.  We  have  then  as  a  base  of  operation : 

(1)  Centrifugal  force,  absolute  and  controllable. 

(2)  Steel  guide  rails,  of  ample  strength,  smooth  and  well  lubri- 
cated. 

(3)  Power  to  grip  the  rails,  either  by  the  travel  of  the  car,  which 
is  absolute  and  unlimited  for  this  purpose,  or  by  the  stored  energy 
of  springs,  which  is  limited.  These  are  certainly  ample  means  to 
accomplish  with  absolute  reliability  the  function  of  stopping  an 
elevator  car  easily  when  it  is  otherwise  free  to  fall.  To  what 
defective  mechanism  then  is  due  the  fact  that  this  has  not  yet  been 
accomplished,  except  by  the  device  which  will  be  described  later 
on  in  this  paper. 

5.  Reference  to  Fig.  215.  will  clearly  demonstrate  one  radi- 
cal defect  in  one  device,  viz :  The  gripping  power  in  this  instance 
is  applied  entirely  by  the  travel  of  the  car,  revolving  a  drum 
by  means  of  a  rope  which  is  gTipped  by  a  centrifugal  gover- 
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nor  secured  to  the  hoistway  beams.  This  drum  revolves  a  shaft 
liaving  a  right  hand  screw  on  one  end  and  a  left  hand  screw  on 
the  other  end.  ISTuts  on  these  screws  engage  toggles,  which  engage 
levers  which  grip  the  rails,  as  shown  in  Fig.  215.  Consider  now 
what  occurs  when  the  car,  through  excess  of  speed,  sometimes  as 
high  as  800  or  1,000  feet  a  minute,  causes  the  centrifugal  governor 
to  operate  and  grip  the  rope  which  revolves  the  drum.  First,  the 
necessary  clearance,  at  least  1-8  inch  between  ends  of  levers  and 
guide  rails,  must  be  overcome,  and  more  than  one  revolution  of 
the  drum  is  required  to  do  this,  anywhere  from  4  to  8  feet 
travel  of  the  car  in  actual  practice  is  necessary  to  bring  the  ends 
of  these  levers  in  contact  with  the  rails,  and  the  si3eed  may  then 
be  1,500  feet  per  minute.  Secondly,  when  the  ends  of  these  levers 
come  in  contact  with  the  rails,  if  the  car  speed  is  to  be  gradually 
reduced  through  a  sufficient  distance  to  avoid  injury  to  the  passen- 
gers, the  car  must  continue  to  travel,  the  drum  to  revolve,  and  the 
levers  to  bend,  until  that  distance  is  overcome.  Can  toggles  be 
adjusted,  and  the  wear  of  the  levers  on  the  rails  be  compensated 
for  to  accomplish  this  as  a  practical  device  ?  Most  certainly  not. 
What  actually  happens  is  a  permanent  set  to  the  levers  as  they 
are  bent,  and  a  stop  in  such  a  short  distance  that  broken  legs  and 
ankles  usually  result  from  it.  And  if  not  readjusted  or  repaired, 
after  a  few  operations  at  high  speed  and  heavy  load,  it  becomes 
inoperative. 

6.  Eeference  to  Figs.  216  and  217,  will  demonstrate  the  de- 
fects in  one  other  device,  and  here  the  author  criticizes  his 
own  design:  The  defects  in  this  type  of  safety  are  the  limited 
power  of  the  spring  and  the  suddenness  of  its  stop  with  light  loads, 
the  severity  of  the  hammer  blow  with  which  the  spring  operates 
the  safety,  and  the  consequent  lack  of  durability.  The  limited 
power  requires  frequent  inspection  and  adjustment  to  keep  it  in 
operative  condition.  When  such  inspections  and  adjustments  are 
faithfully  and  competently  made,  the  safety  is  reliable,  and  grips 
the  rails  instantly  when  the  normal  car  speed  is  exceeded,  and  never 
stops  the  car  suddenly  enough  to  injure  the  passengers,  although  its 
stop  with  a  light  load  is  not  a  comfortable  one.  About  25  opera- 
tions without  adjustment  would  make  this  safety  inoperative,  and 
1-32  inch  wear  on  the  jaws,  which  occurs  when  the  regular  guide 
shoe  is  allowed  to  wear  too  far,  will  also  make  it  inoperative.  We 
have,  therefore,  defects  in  both  of  these  devices  which  preclude 
their  claim  to  being  adequate  safeties  to  stop  an  elevator,  with 
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safety  and  comfort  to  the  passengers,  nuder  any  and  all  conditions 
of  actual  daily  practice. 

7.   lieference  to  Figs.   218-222,  will  clearly  demonstrate  that 
all  of  the  defects  cited  iu  these  other  two  safeties  have  beeu 


entirely  overcome,  and  a  radically  new  principle  introduced  to 
properly  and  safely  stop  an  elevator  car  by  gripping  the  steel 
guide  rails.  Figs.  218-220  show  my  new  type  of  safety  in  plan, 
looking  up  at  the  bottom  of  the  elevator  where  it  is  carried.     Fig. 
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■2-21  is  an  elevation  showing  the  governor  rope  connection.  Fig.  222 
is  a  Iialf-tone  of  the  centrifugal  governor.  That  part  of  the  rojje 
.i,  which  runs  through  the  grip  A\  leads  to  the  elevator  car,  passing 
through  a  driving  grip  E  (Fig.  221);  it  is  then  led  under  an  idler 


on  the  bottom  of  the  car,  Avound  around  the  drinu  C  and  anchored 
at  .1  (Fig.  218).  The  other  part  of  the  rope  B  (Fig.  222)  leads 
down  to  and  around  a  weighted  tension  sheave  at  the  bottom  of  the 
hoistway,  from  thence  up  to  and  over  an  idler  sheave  on  the  bottom 
of  the  car,  and  from  there  it  is  wound  around  the  drum  C  and 
anchored  at  B  (Fig.  218). 

The  grip,  E  (Fig.  221),  is  held  by  a  light  spring  bolt,  and  when 
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the  car  speed  down  causes  the  governor  to  grip  and  stop  the  rope, 
the  grip  E  pulls  out  of  its  bolt  lock.  The  speed  at  which  the  centri- 
fugal governor  weights,  Y  i  Fig.  222)  will  flj  out  and  drive  the  grip 
down  on  the  rope  as  shown  in  Fig.  222,  is  determined  by  the  tension 
of  the  spiral  spring  Z,  the  same  being  adjusted  by  nuts  not  shown 
here. 

Jl.   The  operations  in  order  are  viz : 

The  car  in  its  descent  exceeds  its  normal  speed  by  about  10 
per  cent.,  the  governor  grips  the  rope,  ^4,  and  stops  it. 

The  car  continues  its  travel,  pullina'  the  latch  bolt  out  of  the  grip 
E  (Fig.  221). 

The  rope  A  revolves  tjie  drum  C. 

The  drum  C  winds  up  the  rope  B. 

The  drum  C  revolves  the  shaft  D  in  the  direction  to  cause  it  to 
draw  both  right  and  left  hand  n^its  II  and  G  (Fig.  218)  towards 
each  other. 

At  the  first  advance  of  the  right  hand  thread  through  the  nut 
//,  the  end  of  the  shaft  D  forces  the  push  bar  J  (Fig.  218)  to  the 
left  and  trips  the  latch  A*. 

Latch  K  being  tripped  allows  the  spring  M  to  extend  as  shown 
in  Fig.  219,  and  bring  the  jaws  T  in  contact  with  the  guide  rails  U, 
\nthin  less  than  two  feet  travel  of  the  car  after  the  rope  A  is 
stopped.  Further  travel  of  the  car  compresses  the  spring  il/, bring- 
ing a  steadily  increasing  pressure  of  the  jaws  T  upon  the  rails  U, 
until  the  car  is  easily  stopped.  To  release  the  safety,  the  drum  C 
is  further  revolved  in  the  same  direction  by  hand  pull  on  the  gover- 
nor rope,  until  the  latch  K  is  relatched,  as  shown  in  Fig.  220. 

10.  It  should  be  observed  here  that  push  bar  J  clears  the  path 
of  the  screw  when  the  latch  K  is  sprung  (see  Fig.  219),  and  when 
returned,  as  sho\vn  in  Fig.  220,  it  bears  against  the  screw  by  pres- 
sure of  a  light  spring  which  snaps  it  back  into  the  position,  as  shown 
in  Fig.  218,  when  the  drum  Cis  revolved  in  the  reverse  direction  by 
hand  pull  on  the  rope  B,  and  the  nuts  H  and  G  forced  apart  to 
their  original  positions,  as  shown  in  Fig.  218.  The  following- 
essential  conditions  are,  therefore,  obtained : 

(1)  A  centrifugal  governor  of  the  utmost  simplicity  and  relia- 
bility. 

(2)  The  stored  energy  of  a  spring  to  bring  the  jaws  instantly 
in  contact  with  the  rails,  hut  with  a  pressure  and  hammer  blow 
too  light  to  jar  the  passengers  or  injure  any  part  of  the  safety. 

(3)  The  steady  increase  of  pressure  of  the  jaws  on  the  guide 
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rails  through  any  distance  of  car  travel  necessary  to  bring  the  car 
to  a  safe  and  easy  stop.  And  this  is  done  by  the  normal  closing 
of  a  helical  spring,  and  not  by  the  bending  of  parts  which  are  not 
springs  Fig.  223  shows  a  trip  hook  used  on  one  of  our  shop  cars 
to  give  free  fall  tests  to  elevator  safeties. 

11.  This  safety  has  had  several  hundred  successive  free  fall 
tests  vvdthout  a  single  failure,  with  no  injury  whatever  to  any 
part,  and  with  no  adjustment  to  any  part.  These  tests  were  made 
at  all  speeds  up  to  800  feet  jjer  minute  and  5,000  pounds  load. 
Its  load  capacity  is  only  a  matter  of  dimensions,  and  I  think  this 
safety  will  stop  on  a  free  fall  about  three  times  the  load  that 
any  other  safety  of  its  own  weight  will  stop.  I  have  trusted  to 
the  completeness  of  these  drawings  to  make  plain  the  details  with 
out  fiirther  description,  but  I  will  call  attention  to  the  particular 
advantage  of  this  cam  lever  action  over  the  wedge  or  toggles :  In 
the  first  place,  the  rolls  R  start  with  a  short  leverage  on  the  cam 
levers  X,  which  permits  a  greater  motion  of  the  jaws  T,  with  the 
limited  motion  of  the  rolls  B,  and  in  the  second  place  the  enormous 
pressure  on  these  rolls  is  taken  by  their  rolling  contact  on  each 
other,  instead  of  on  the  pins  which  carry  them. 

12.  The  curve  on  the  ends  of  the  cams  gives  the  equivalent 
motion  of  straight  line  wedges;  thus  if  through  imperfect  adjust- 
ment, or  unequal  wear,  the  rolls  on  one  end  travel  farther  than 
those  at  the  other  end  of  the  safety,  the  pressure  of  the  jaws  T 
is  alike  on  both  guide  rails  U.  Another  important  feature  of  this 
safety  is  that  it  is  easily  released  from  any  part  of  the  hoistway 
accessible  to  the  governor  rope,  no  means  being  provided  to  release 
it  from  the  car.  As  nothing  but  undue  car  speed  should  ever  oper- 
ate this  safety,  it  is  advisable  that  the  engineer  should  find 
out  the  cause  of  this  undue  speed,  and  see  that  everything  is  in 
proper  condition  to  start  before  the  safety  is  released. 

13.  Bending  each  end  (A  and  B)  of  the  governor  rope  around 
the  drum  C  in  opposite  directions  (Fig.  221)  puts  the  drum  Cunder 
positive  control  of  the  governor  rope.  The  ease  -with  which  this 
safety  can  be  operated  was  well  demonstrated  during  the  free  fall 
tests;    the  operations  were: 

(1)  Trip  the  hook  (Fig.  223)  and  let  the  car  fall. 

(2)  Lower  the  hook,  make  fast  and  put  a  tension  on  the  ropes. 

(3)  Eelease  the  safety  by  the  governor  rope. 

(4)  Hoist  the  car  to  the  tripping  place. 

Twenty-eight  of  these  free  falls  were  made  in  28  minutes. 
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Fig.  224. 
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ADDED   AFTER   ADJOURNMENT. 

rig.  224  shows  an  improved  type  of  the  governor  shown  in 
Fig.  222. 

The  improvement  consists  in  attaching  a  weight  to  the  jaw 
toggles  to  pull  the  jaw  down  and  grip  the  rope  when  the  centrif- 
ugal weights  fly  out  and  trip  a  latch,  as  shown  in  Fig.  224. 
Whereas  the  jaw  in  Fig.  222  is  driven  down  against  the  rope 
the  direct  blow  of  a  centrifugal  weight  and  raised  clear  of  the  ro]ie 
by  the  flat  spring  shown  in  Fig.  222. 

The  defect  in  the  governor  (Fig.  222)  is  that  on  account  of  a  re- 
bound of  the  rope,  sheave,  and  weights  when  the  rope  is  siuldenly 
stopi^ed,  the  jaw  will  occasionally  be  lifted  clear  of  the  rope  by  the 
spring  and  thus  fail  to  work. 

Believing  this  to  be  a  radical  defect  of  any  type  of  jaw  having 
spring  or  other  power  to  automatically  release  it  wlien  the  rope 
is  pulled  by  hand,  I  have  sacrificed  any  consideration  of  the  con- 
venient release  for  the  sake  of  absolute  safety. 
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No.  941.* 

COLD    WORKING   SHEET   METAL   IN   DIES. 

BY    J.    D.    BIQOS,    PITTSBURG,   PA, 

(Junior  Member  of  the  Society.) 

1.  During  the  last  half  century  a  marked  progress  has  been 
made  in  the  art  of  working  sheet  metal.  The  introduction  of 
more  elaborate  machinery  and  tools,  and  the  change  from  hand- 
work to  die-work,  has  brought  about  some  very  radical  changes, 
both  in  the  design  of  articles  made  of  sheet  metal  and  in  the  cost 
of  producing  them.  The  development  of  this  art  has  led  to  the 
use  of  sheet  metal  in  the  construction  of  a  great  many  articles 
formerly  made  of  wood  or  cast-metal.  As  an  example  of  what 
we  often  meet  with  I  maj^  mention  that  while  visiting  Cincinnati 
two  j'ears  ago,  I  was  shown  parts  for  the  body  of  a  violin  which 
had  been  stamped  in  dies  from  an  aluminum  bronze.  These  violins 
were  said  to  be  excellent  instruments. 

2.  Dies  operated  by  presses  do  a  large  share  of  the  work  of 
manufacturing  sheet  metal  goods,  and  are  useful  in  cutting  out 
irregular  forms  cheaply  and  accurately,  but  their  usefulness  does 
not  stop  here,  for  an  endless  variety  of  bending,  drawing,  and 
forging  operations  may  be  done  by  them,  some  bending  or  draw- 
ing operation  often  being  combined  with  the  cutting  out  and 
performed  together  with  it.  One  of  the  most  common  pieces 
produced  in  dies  is  the  end  of  an  ordinary  tin  can.  Referring  to 
Fig.  225,  this  piece  is  cut  into  a  round  disk  and  then  the  annular 
portion,  h,  is  drawn  to  the  cj'lindrical  form,^. 

3.  The  problem  of  finding  the  depth  of  cup  which  a  disk  or 
"blank"  will  make  may  be  solved  by  equating  the  areas  of  the 
cylindrical  ring,  p,  and  the  annular  ring,  h. 

Reducing  and  allowing  for  stretch 

*  Presented    at  the   Boston   meeting   (May,  1902)   nf  tl  e   American   Society 
of  Mechaanical  Engineers,  and  fomingpart  of  Volume  XSIII. of  the  TransaeHous. 
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Fig.  225. 


7  " 


And  as  the  corner  is  always  more  or  less  rounded,  we  may  say 


i'  =  J+  g,+  «  +; 


where  s  represents  the  stretch  or  elongation  of  the  metal  in  the 
edge,jt>,  and  varies  from  0  to  5  per  cent,  of  ^.  in  tin  plate  or  steel ; 
r  represents  the  radius  of  the  rounded  corner.  The  diameter  of 
the  blank  is  represented  by 

4.  Fig.  226  shows  a  typical  die  as  used  in  single  acting  presses 
for  forming  can  ends  and  similar  articles.  The  right  side  shows 
the  die  closed  wiiile  the  left  side  shows  the  relation  of  parts  when 
open.  The  hardened  steel  ring,  m,  and  the  steel  edge,  h,  of  the 
punch,  i,  cut  out  the  disk  or  blank.  As  the  press  continues  to 
descend,  the  ring,  n,  clamps  the  annular  part  against  the  face  of 
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the  punch,  k,  and  produces  a  considerable  tension  in  the  metal  as 
it  is  drawn  over  the  central  portion,  I.  As  the  die  opens  the  ring, 
n,  "strips"  the  finished  piece  up  from  I.     Ring,  n,  is  actuated  by 


Fig.  227. 


a  spring  through  pins,  g,  and  has  adjustment  by  means  of  a  nut 
on  the  lower  end  of  the  stud  bolt,  t.  Both  rubber  and  steel  springs 
are  in  use,  but  either  should  be  amply  long.     The  die  (collectively) 


Fig.  228. 


consists  of  the  die  and  the  punch.     When  dies  are  required  for 
cutting  only,  the  die  may  be  made  as  shown  in  Fig.  227. 

5.  A  concern  extensively  engaged  in  the  manufactu  e  of  tin 
cans  has  been  using  for  some  time  dies  similar  to  that  shown  in 
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Fig.  226,  in  "  gangs."  They  leave  off  the  stem,  h,  from  the  punch 
and  recess  the  body,  i,  of  several  into  a  large  plate,  and  instead  of 
the  small  plate,  p,  a  large  one  is  used  with  many  dies  set  into  it. 
In  this  manner  gang  dies  are  made  to  cut  the  alternate  large  disks 


z: 


:\ 


shown  in  Fig.  228  ;  the  sheet  is  then  turned  over  from  right  to  left, 
and  the  remaining  large  disks  cut  and  formed  into  can  ends.  The 
die  rings,  m,  Fig.  226,  interfered  with  cutting  all  the  large  disks  at 
one  stroke.      The  remaining  sheet  is  then  laid  aside,  to  be  after- 


ward put  into  another  gang  die,  which  cuts  and  forms  the  re- 
maining  disks  into  can  caps,  shown  in  Fig.  229,  and  button  blanks, 
shown  in  Fig.  230.  The  die  for  each  group  of  three  small  disks,  and 
corresponding  to  m,  Fig.  227,  is  made  in  one  piece,  which  allows  of 


cutting  and  forming  the  fifty-two  pieces  at  one  stroke  of  the  press. 
Although  this  gang  die  formed  two  distinct  articles,  it  did  not  mix 
them  together,  as  the  can  caps  came  out  on  top  of  the  die  and  slid 
back  in  the  inclined  press,  while  the  button  blanks  formed  or  the 
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peculiar  punch  shown  in  Fig.  230,  and  went  tiirough  the  die.  It 
will  be  observed  that  this  sheet  of  tin  is  not  standard  size,  but 
is  eleven  by  twenty-two  inches,  which  was  a  very  difficult  size  to 
get  some  years  ago.  Gauges,  G,  Fig.  228,  and  notching  die,  77,  were 
so  arranged  that  the  irregularity  of  the  sheets  would  not  be  repro- 
duced and  interfere  with  using  the  second  set  of  dies. 


Fig.  232. 

6.  The  depth  which  may  be  drawn  at  one  operation  is  commonh^ 
expressed  as  equal  to  half  the  diameter  for  small  cups  and  one- 
third  or  one- fourth  for  larger  vessels.  Fig.  231  shows  a  tin  cup 
formed  at  once  in  a  die  represented  by  Fig.  226,  with  the  exception 
shown  in  Fig.  232.   The  radial  edge  of  the  cup  was  required,  and 


less  than  a  square  corner  for  the  cutting  edge  of  the  punch  was 
desirable.  This  concave  face  of  the  punch,  k,  together  with  a 
hardened  and  nicely  polished  ring,  n,  gave  excellent  results. 

7.  Where  a  dejith  greater  than  can  be  drawn  in  one  operation 
is  required,  or  a  small  boss  is  wanted  near  the  centre  of  a  sheet,  it 
becomes  necessary  to  resort  to  two  or  more  operations,  forming  a 
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larger  and  shallower  piece  first,  and  then  reducing  this  to  the  de- 
sired form. 

An  interesting  example  of  this  class  of  work  was  shown  in 
operation  at  the  Pan-American  Exposition.  The  can-top  shown  in 
Fig.  235,  ready  for  rolling  a  thread  at  <,  was  first  cut  and  formed 
to  the  shape  shown  in  Fig.  234,  by  a  die  of  the  type  shown  in  Fig. 
226.  It  then  passes  through  some  four  other  dies  and  through  the 
forms  indicated  by  dotted  lines  in  Fig.  234,  the  last  one  of  these 


dies  cutting  the  hole  in  the  top,  trimming  and  turning  the  outer 
edge  and  shaping  it  up  generally,  but  not  materially  reducing  the 
diameter  of  the  boss. 

Another  example  of  this  reducing  is  found  in  one  form  of 
bicycle  front  fork  crown,  where  a  boss  is  formed  to  which  to  attach 
the  fork  stem. 

8.  In  deep-drawn  work  the  edge  becomes  irregular,  and  is  often 
trimmed  again  before  finishing  the  piece.     In  Fig.  233  the  outer 


line  is  drawn  directly  from  the  piece  shown  in  section  in  Fig.  234, 
while  the  inner  line  is  a  circle  drawn  to  illustrate  the  peculiar 
irregularity  of  the  edge,  showing  as  is  common  four  high  points. 
I  attribute  these  high  and  low  points  to  the  rolling  mill  which 
rolls  the  sheets. 

9.  Passing  to  w^ork  done  in  double-acting  presses.  Fig.  236, 
shows  a  piece  formed  of  tin-phite  in  a  die  shown  in  Fig.  239, 
where  the  outer  punch,  h,  descends,  cuts  out  the  blank,  and,  dur- 
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ing  its  "dwell,''  clamps  the  disk  against  the  ring,  g,  while  the 
inner  punch  descends  just  far  enough  to  give  the  required  shape. 
This  piece,  Fig.  236,  is  then  put  into  a  die,  Fig.  240,  where  the  outer 

I 


\ 


7 


Fio.  236. 


puncn,  «,  clamps  the  tapering  portion  agamst  the  die,  and  the 
inner  punch  descends  just  far  enough  to  produce  the  piece  shown 
in  Fig.  237.  This  piece  is  next  put  through  a  single  acting  die, 
which  cuts  the  holes  o  and^,  and  rounds  out  the  base  at  q  some- 


"'V 


7 


what  more.  The  piece  is  now  put  into  a  latiie,  Fig.  238,  which  car- 
ries a  pair  of  rotary  cutters,  r,  on  the  back,  and  a  curling  roll,  ?i, 
on  the  front  end  of  the  cross  slide.  After  this  lathe  has  trimmed 
and  curled  the  edge  the  piece  goes  into  a  bath  of  hot  palm  oil 


^  2 


\\[ 


Fio.  2.38. 


to  have  its  coat  of  tin  re-shined,  and  is  then  ready  to  have  other 
pieces  attached  and  form  the  oil  well  of  a  tubular  lantern. 

10.  The  trimming  cutters,  ?;  and  the  curling  roll,  7i,  are  used  in 
a  variety  of  ways,  either  together  or  separately.     Three  of  these 
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rolls  are  often  put  into  a  body  and  form  a  chuck,  to  be  used  m  a 
machine  similar  to  a  drill  press,  to  curl  the  edge  of  pails  and 
round  vessels.  If  the  dies  shown  in  Figs.  239  and  240  had  been 
made  open  bottom,  and  the  inner  punches  had  been  adjusted 
lower,  the  piece  produced  would  have  been  a  cylindrical  cup  in- 
stead of  as  shown  in  Fig.  237. 


11.  In  drawing  and  reducing  bright  steel  I  have  found  it  pos- 
sible to  draw  to  9  inches  diameter,  anneal  and  reduce  to  6  inches 
diameter  at  one  operation ;  but  this  is  rather  too  much,  from  8 
to  6  inches  is  much  better.  When  the  side  of  a  cup  is  to  be  used 
as  a  seamless  band  without  flange,  either  inside  or  out,  the  tool 
shown  in  Fig.  241  will  be  of  service  in  a  lathe. 

12.  It  is  often  necessary  to  turn  a  flange  around  a  hole,  but 


this  is  found  a  very  different  problem  from  turning  an  outer  edge. 
In  turning  out  a  flange  ^  inch  high  around  a  2-inch  hole  in  IXX 
tin  so  many  pieces  were  spoiled  by  cracking  at  the  edge  that  we 
made  new  dies  and  drew  the  stock  in,  before  cutting  the  hole. 
These  holes  were  punched  1^  inch  when  turning  them  out  to 
form  a  J-inch  edge  around  a  2-inch  hole.     Another  case  of  this 
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kind  was  done  by  hand  tools  instead  of  in  a  press,  and  proved 
entirely  successful.  In  Fig.  '242,  B  represents  a  section  of  a  steel 
bicycle  wheel  rim  through  the  hole  for  the  valve  tube.  The  f-inch 


Fig.  241. 


valve  tube  required  a  ^|-inch  finished  hole.  The  rim  was  first 
drilled  to  one-third  of  the  finished  size.  The  hand-punch,  made 
to  the  finished  size  of  the  hole  with  the  pilot,  n,  -^  inch  larger 


Fio.  342. 


than  the  drilled  size,  was  driven  tlirough  with  six  or  eight  blows 
of  a  hand  hammer,  while  the  ''  hold  on,"  q,  weighing  some  three 
pounds,  was  held  up  with  a  light  spring.     Block,  o,  with  ^-inch 
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rolls  are  often  put  into  a  body  and  form  a  cbuck,  to  be  used  in  a 
machine  similar  to  a  drill  press,  to  cui'l  the  edge  of  pails  and 
round  vessels.  If  the  dies  shown  in  Figs.  239  and  240  had  been 
made  open  bottom,  and  the  inner  punches  had  been  adjusted 
lower,  the  piece  produced  would  have  been  a  cylindrical  cup  in- 
stead of  as  shown  in  Fig.  237. 


Fig.  239. 

11.  In  drawing  and  reducing  bright  steel  I  have  found  it  pos- 
sible to  draw  to  9  inches  diameter,  anneal  and  reduce  to  6  inches 
diameter  at  one  operation ;  but  this  is  rather  too  much,  from  8 
to  6  inches  is  much  better.  When  the  side  of  a  cup  is  to  be  used 
as  a  seamless  band  without  flange,  either  inside  or  out,  the  tool 
shown  in  Fig.  241  will  be  of  service  in  a  lathe. 

12.  It  is  often  necessary  to  turn  a  flange  around  a  hole,  but 


.f% 


this  is  found  a  very  different  problem  from  turning  an  outer  edge. 
In  turning  out  a  flange  j  inch  high  around  a  2-inch  hole  in  IXX 
tin  so  many  pieces  were  spoiled  by  cracking  at  the  edge  that  we 
made  new  dies  and  drew  the  stock  in,  before  cutting  the  hole. 
These  holes  were  punched  1|  inch  when  turning  them  out  to 
form  a  i-inch  edge  around  a  2-inch  hole.     Another  case  of  this 
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kind  was  done  by  hand  tools  instead  of  in  a  press,  and  proved 
entirely  successful.  In  Fig.  2-1:2,  B  represents  a  section  of  a  steel 
bicycle  wheel  rim  through  the  hole  for  the  valve  tube.   The  -l-inch 

^  d  at 


Fig.  241. 


valve  tube  required  a  ||-inch  finished  hole.  The  rim  was  first 
drilled  to  one-third  of  the  finished  size.  The  hand-punch,  made 
to  the  finished  size  of  the  hole  with  the  pilot,  m,  ^  inch  larger 


than  the  drilled  size,  was  driven  through  with  six  or  eight  blows 
of  a  hand  hammer,  while  the  '•  hold  on,"  q,  weighing  some  three 
pounds,  was  held  up  with  a  light  spring.     Block,  o,  with  ^-inch 
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hole,  ^),  was  held  in  a  bench  vise.  The  material  was  number  six- 
teen gauge,  and  reduced  to  about  half  this  thickness  without 
cracking.  The  rims  were  stiffer  through  this  re-enforced  hole 
than  elsewhere. 

13.  Some  work  with  straight  sides  and  sharp  angles  may  be 
cut  out  in  dies  such  as  shown  in  Fig.  243,  which  consists  of  four 
hardened  steel  pieces  attached  to  a  cast-iron  base.  I  have  not 
found  this  to  materially  reduce  the  cost  of  the  dies,  but  the 
straight  sides  of  both  punch  and  die  may  be  ground  true  after 
hardening  and  in  this  way  improve  the  work. 

The  pawl  and  ratchet  may  be  used  in  various  forms  for  spacing 
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holes  or  notches.  Figs.  2-l:i  and  2-45  show  the  construction  of  a 
horn  die  used  to  punch  holes  in  the  side  of  a  C3'linder.  In  this 
case  a  notch  in  the  edge  of  the  work  engaged  the  pin,  e ;  the 
operator  turned  to  the  left  until  the  pawl  dropped  into  a  notch 
and  then  held  to  the  right  while  punching  a  hole.  Ratchets  are 
used  for  notching  armature  stampings  where  the  ratchet  is  some- 
what smaller  in  diameter  than  the  work  and  lies  horizontal. 

Work  on  the  side  of  a  cylinder  is  commonly  done  in  a  horn 
press  where  a  horn  similar  to  c,  Fig.  24-I-,  is  attached  directly  to 
the  back  of  the  press. 

14.  The  particular  construction  to  adopt  in  making  a  die  will 
often  depend  on  shop  conditions  and  tools  available.  The  die 
shown  in  Fig.  226  contains  the  hardened  ring,  m,  and  the  soft  tool- 
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steel  ring,  ^■.  These  rings  slioukl  be  made  weldless,  and  I'  may  be 
either  welded  or  brazed  to  the  machine-steel  punch  body,  i,  wliile 
m  should  be  ground  on  the  extreme  inside  and  outside  anil  on  the 
bottom.  The  ring,  n,  should  be  tool-steel,  and  may  be  welded 
by  an  expert  smith,  but  if  the  smith  is  doubtful,  it  had  better  be 


forged  without  welding.  Wlien  it  is  important  to  maintain  a 
standard  diameter  of  work,  a  hardened  ring,  I,  or,  in  case  of 
lettering  or  ornaments,  a  disk  is  used.  In  single-acting  press  dies 
it  is  the  die  centre,  I,  rather  than  the  interior  of  the  punch,  h, 
which  determines  the  diameter  of  the  work.  It  is  well  to  have 
the  interior  of  the  punch  a  close  fit  in  work,  such  as  can  ends, 


where  the  eilge  is  all  drawn  in,  but  in  cases  where  a  radial  edge 
is  left,  such  as  shown  in  Fig.  231,  the  punch  may  be  comparatively 
loose.  In  double-acting  press  dies  the  inner  punch  determines  the 
size  and  often  the  sliape  also  of  the  work,  while  the  die  may  not 
fit  the  work  all  the  way  but  only  at  the  upper  corner. 
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15.  In  regard  to  foundry  patterns  for  small  die  parts  I  have 
found  it  a  matter  of  economy  to  have  on  hand  6  or  8  sizes  of 
bottom  plate  patterns,  u,  Fig.  227,  well  made  and  varnished,  with 
core-prints  and  a  core-box  to  coi'e  the  slots,  s,  straight  sided  and  to 
leave  a  spot,  w,  to  finish.  To  this  base  pattern  pieces  are  added 
as  needed  for  individual  dies,  the  same  base  pattern  being  used 
for  die  Fig.  226  and  die  Fig.  227,  with  different  additions  and  in 
case  of  Fig.  227  a  central  core.  Die  castings  made  from  such 
patterns  need  not  be  machined  all  over. 

16.  In  dies  for  double  acting  presses,  which  cut  the  blank  as 
well  as  form  it,  a  hardened  and  ground  ring,  e,  Fig.  239,  is  used 
with  a  steel  ring,  c,  welded  to  the  wrought  iron  plate,  i ;  these 
do  the  cutting,  and  when  the  corner,  d,  of  the  ring,  c,  becomes  dull 
it  is  upset  by  hammering  on  the  lower  face,  which  must  then  be 
turned  up  again  to  fit  the  hardened  ring,  e.  The  inside  plunger, 
a.  Fig.  239,  may  be  made  of  machine  steel,  for  working  tin  plate 
or  brass ;  but  for  working  steel  it  had  better  be  either  hardened 
steel  or  cast  iron.  In  this  particular  die  a  little  variation  in  the 
diameter  of  the  inner  punch,  a,  is  of  no  consequence;  if  the  work 
had  been  blanked  out  first  in  another  die,  or  cut  into  disks  in  the 
circle  shears,  then  this  die  might  have  been  made  entirely  of  cast 
iron,  and  would  consist  of  only  three  pieces  similar  to  the  die 
sliown  in  Fig.  240,  with  perhaps  a  chilled  surface,  ff. 

17.  The  die  shown  in  Fig.  240  was  made  of  cast  iron,  except  the 
plate,  I,  which  was  of  machine  steel.  The  outer  punch,  i,  and 
the  die,  k,  were  cast  at  a  car-wheel  foundry,  and  the  working  faces, 
j  and  s,  were  chilled  very  hard.  This  die  worked  well  on  tin  plate. 
Another  die,  made  of  cast  iron  and  chilled  in  the  same  way, 
working  on  black  steel  which  had  been  annealed  after  the  first 
operation  and  was  rough,  gave  much  less  trouble  than  previous 
dies  on  the  same  work  with  hardened  steel  rings  on  the  faces, 
although  either  had  to  be  ground  true  and  polished  occasionally. 

In  drawing  deep  work,  or  in  cases  where  the  metal  is  severely 
worked,  it  is  customary  to  anneal  the  work  one  or  more  times  dur- 
ing the  process,  but  tin  plate  is  ruined  by  annealing ;  hence  such 
work  is  drawn  and  annealed  before  plating,  or,  if  some  stiffness  is 
required  in  the  finished  piece,  one  drawing  opei'ation  may  be  per- 
formed after  annealing  and  plating. 

18.  In  cutting  and  forming  bright  steel  it  is  customary  to  use 
oil  as  a  lubricant  and  apply  it  in  spots  over  the  sheets  before  they 
are  cut  up  into  strips.     In  working  tin  plate  the  coating  of  tin, 
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together  with  the  thin  film  of  oil  left  on  it  from  tinning,  are  ordin- 
arily sufficient  lubrication  ;  but  in  drawing  large  pieces  in  a  double- 
acting  press  a  stick  of  parafine  wax  may  be  passed  once  around 
near  the  edge  of  the  blank.  In  working  black  steel  plate  which  is 
to  be  tinned  afterwards,  oil  is  objected  to  by  the  tin-house  fore- 
man, as  making  him  extra  work,  and  an  alkaline  solution  which 
will  clean  in  an  acid  pickle  is  used,  either  soda  water  or  a  soapy 
water.  One  concern  buys  a  soap  made  from  fish  oil,  puts  about  a 
pound  of  this  in  a  gallon  of  water  and  applies  with  a  sponge  to 
each  side  of  the  blank. 

19.  A  day's  work  for  a  boy  or  a  girl,  and  a  press  will  depend 
upon  the  shape  in  which  the  stock  comes  to  the  press  as  well  as 
the  speed  of  the  press  and  the  dexterity  of  the  operator.  With  a 
die,  such  as  shown  in  Fig.  226,  for  cutting  and  forming  ends,  4 
inches  in  diameter  or  smaller,  from  tin  plate  cut  into  strips,  20 
inches  long,  and  wide  enough  for  two  rows  of  ends,  an  expe- 
rienced operator  will  produce  from  8,000  to  10,000  pieces  in  ten 
hours.  With  a  similar  die  for  making  ferules  for  wood  handles 
out  of  the  scrap  thrown  into  a  pile,  a  boy  will  probably  get  2,000 
ferules  in  ten  hours.  A  press  with  automatic  feed,  cutting  bicycle 
chain  links,  will  produce  about  90  pieces  a  minute,  working  steel 
in  long  strips  rolled  up.  The  gang  die  cutting  and  forming  can 
ends  from  sheet  shown  in  Fig.  228,  cut  about  11  sheets  per  minute, 
making  two  strokes  to  a  sheet,  while  the  other  gang  die  described 
cut  about  20  sheets  a  minute,  but  from  this  (per  minute  estimate) 
some  time  is  to  be  deducted  for  handling  stock,  etc.  A  large 
drawing  press  on  work  from  10  to  20  inches  diameter,  and  from 
2  to  6  inches  deep,  will  produce  from  3,000  to  5,000  pieces  in 
ten  hours,  but  if  such  work  does  not  "  nest "  well  together  it  may 
occupy  so  much  room  as  to  retard  the  work. 

20.  The  length  of  time  that  a  die  may  be  used  at  one  sharpen- 
ing will  depend  upon  conditions  and  may  vary  from  half  a  day  to 
two  months.  The  material  of  the  punch  and  die,  the  material 
worked,  the  angle  of  the  cutting  edges,  or  the  complement  of  a. 
Fig.  226,  and  the  "  shear  "  of  the  die,  are  the  principal  factors  in  the 
life  of  the  cutting  edge.  I  have  seen  dies  used  for  ten  Aveeks  on 
tin  plate  at  one  sharpening.  Fifty  hours  is  about  the  average  time 
in  an  electrical  factory  for  dies  cutting  number  26  gauge 
soft  steel.  Dies  cutting  bright  soft  steel  for  builders'  hardware, 
from  iV  to  |-  inch  thick,  with  both  punch  and  die  hardened,  ran 
from  two  to  four  days  at  one  grinding.      Dies  with   square 
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corners  for  catting  edges,  and  no  shear  on  either  punch  or  die,  ran 
about  half  as  long  as  dies  cutting  the  same  pieces  from  the  same 
stock,  with  a  cutting  edge  of  about  82  degrees,  and  with  shear. 
The  high  and  low  points  in  the  upper  edge  of  m.  Fig.  227,  may  be 
about  -jV  inch  difference  in  height,  and  the  angle,  a,  Fig.  226,  from 
5  to  10  degrees. 

21.  The  selection  of  a  suitable  press  deserves  more  attention 
than  is  sometimes  given  to  it,  too  small  a  press  being  liable  to 
spring  and  injure  the  dies,  while  too  large  a  press  is  slow  and 
clumsy.  Presses  for  cutting  only  may  generally  be  much  lighter 
than  when  used  for  cutting  and  forming  combined.  In  a  stamp- 
ing factoiy  the  expense  may  often  be  greater  for  dies  than  for 
presses,  and  if  a  different  press  is  more  suitable,  it  may  pay  to  buy 
it  even  though  a  first  stands  idle  a  part  of  the  time. 


22.  The  steel  best  adapted  for  sheet  metal  drawing  is  not 
readily  distinguished  from  its  performance  in  the  regular  tensile 
test,  for  drawing  produces  a  different  form  of  stress  in  the 
metal.  We  may  represent  an  elementary  section  of  a  piece  of 
sheet  metal  being  drawn  by  Fig.  246,  where^  represents  the  ten- 
sile force  due  to  the  thrust  of  the  press  and  cc  the  compression 
due  to  the  wedge  shape  of  the  elementary  piece  and  its  resisting 
the  force  j'>.  As  these  elementary  pieces  abut  against  each  other 
and  are  all  coming  in  together,  there  is  comparatively  little  fric- 
tion for  the  force  p  to  overcome,  and  the  relative  magnitudes  of 
the  forces  may  be  represented  by  the  triangle  obtained  by  pro- 
ducing the  two  sides  of  the  tapering  part  until  they  intersect. 
From  this  triangle  of  forces  we  may  conclude  that  the  change  of 
form  is  due  to  tension  in  one  direction  combined  with  compression 
of  about  twice  the  magnitude  in  another  direction,  while  the  force 
in  the  third  direction,  or  that  of  its  thickness  is  only  nominal,  or 
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just  sufficient,  to  keep  the  wrinkles  from  forming.  As  the  stock 
pulls  over  the  corner,  bends,  antl  straightens  again,  the  tensile 
stress  is  thrown  first  to  one  surface  and  then  to  the  other,  and  in 
this  way  does  more  stretching  than  it  otherwise  would. 

23.  Several  instances  have  come  to  my  notice  which  would  indi- 
cate that  the  action  of  steel  under  this  combined  stress  of  tension 
in  one  direction  and  compression  in  another,  is  quite  different 
from  that  under  either  stress  taken  separately. 

The  two  examples  mentioned  above,  where  a  If-inch  hole  could 
not  be  stretched  to  2  inches  without  tearing,  under  tensile  stress 
alone,  and  the  wheel  rim  which  stretched  from  ^  to  ^  inch 
under  a  combined  tensile  and  compressive  stress,  indicate  some- 
thing more  than  a  variation  in  stock.  In  one  case  we  fail  to  get 
an  elongation  of  less  than  fifty  per  cent.,  while  in  the  other  we 
get  easily  an  elongation  of  two  hundred  per  cent. 

DISCUSSION. 

Mr.  Oherlin  Smith. — This  paper  is  an  interesting  one,  but  my 
criticism  of  it  would  be  that  it  is  somewhat  fragmentary.  This,  of 
conrse,  is  because  there  was  not  room  to  put  in  more  details.  It 
certainly  deals  with  so  many  subjects  that  it  might  well  be  spread 
ont  into  a  book,  as  I  discovered  when  writing  about  them  some 
years  ago.  I  have  not  studied  the  paper  carefully  to  note  any 
jjossible  errors,  but  I  think  I  can  amplify  some  of  the  statements 
in  regard  to  speeds,  and  so  forth.  In  one  place  it  speaks  of  cup- 
shaped  work  being  ^  to  ^  of  its  diameter  in  depth,  made  in  a 
double-action  press.  The  fact  is  that  we  can  almost  always,  with 
ordinary  commercial  metal,  work  depths  of  half  the  diameter  at 
one  draw,  and  sometimes  we  can  get  three-quarters  or  even  a  whole 
diameter.  This,  however,  depends  a  great  deal  on  the  thickness,  as 
well  as  the  toughness  of  the  metal.  In  thin  metals  the  double- 
action  process  has  to  be  used  so  as  to  hold  the  flange  from  wrink- 
ling, while  the  punch  draws  the  metal  through.  But  in  work 
where  the  thickness  of  the  metal  gets  up  tO  one-tenth  or  so,  of  the 
cup's  diameter,  double-action  punches  can  be  dispensed  with, 
because  the  metal  is  too  thick  to  buckle  and  wrinkle  easily,  and 
the  downward  pressure  of  the  punch  will  also  tend  to  keep  it 
from  wrinkling  if  the  die  is  of  the  proper  shape.  To  get  the  best 
results,  it  is  necessary  to  make  the  die  bell-shaped,  so  that  the 
edge  of  the  blank  will  be  supported  in  the  conical  part  of  the  die, 
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thus  keeping  a  downward  pressure  and  an  inward  pressure  all  the 
time. 

In  regard  to  speeds,  there  is  a  case  mentioned  where  fruit-can 
tops  which  are  cut  from  the  sheet,  and  the  edge  turned  over  at 
right  angles  and  headed,  with  a  hole  cut  in  the  middle  and  a 
groove  formed  around  it — five  distinct  operations  at  one  stroke — 
had  been  made  at  about  10,000  a  day.  This  is  a  general  average, 
perhaps,  of  such  work,  but  it  often  runs  higher;  and  I  have  known 
a  small  colored  girl  in  a  Baltimore  can  factory  to  make  can  tops 
for  "  one-pound  "  cans,  about  three  inches  in  diameter,  complete, 
as  above  mentioned  in  a  foot  press  at  the  rate  of  22,000  in  10 
hours. 

This  work  can  very  easily  be  done  at  a  rate  of  12,000,  and  usu- 
ally runs  along  from  10,000  to  15,000. 

A  speed  of  90  a  minute  is  spoken  of  in  regard  to  a  press  with 
automatic  feed.  This  rate  can  be  much  exceeded,  as  far  as  the 
mechanical  working  of  the  press  and  the  feed-motions  are  con- 
cerned. One  limitation  is  where  the  metal  is  thick  and  more 
time  for  flow  is  needed.  With  high-carbon  steel  a  very  slow  ram- 
speed  must  often  be  used,  as  otherwise  the  dies  will  not  stand  long. 
With  soft  iron  and  steel,  and  with  brass,  copper,  aluminum,  etc., 
a  much  higher  speed  can  be  obtained,  without  hurting  the  dies. 
Feeding  for  plain  cutting  work  is  often  done  at  a  speed  of  150  to 
250  a  minute.  In  counting  the  production  of  a  press,  instead  of 
taking  600  minutes  for  10  hours,  we  usually  take  only  500 
minutes.  This  averages  about  right  to  allow  for  the  hindrances 
which  actually  occur  during  the  day,  and  is  a  convenient  multijilier. 
It  allows  for  the  operators  looking  out  of  the  windows,  and  turning 
their  heads  to  see  what  the  other  men  are  doing;  and  if  they  are 
attending  to  their  business,  it  allows  also  for  the  bigger  item  of 
the  dies  getting  dull  and  having  to  be  gi'ound  or  changed  for  other 
dies.  A  very  safe  and  conservative  estimate,  therefore,  is  to  take 
the  number  of  strokes  per  minute  and  multiply  by  500. 

There  is  nothing  said  in  this  paper  about  a  very  common  form 
of  press-work,  namely,  the  coining  of  money.  This  is  done  at 
speeds  all  the  way  from  80  to  140  a  minute,  the  blanks  being  cut 
first  and  fed  into  the  tube  of  an  automatic  press,  both  sides,  and 
the  reeded  edge  being  coined  at  once.  I  have  made  small  coins 
like  American  cents  at  as  high  a  speed  as  200  a  minute,  where  the 
impression  was  shallow.  There  is  no  difficulty  in  making  the  presses 
run  as  fast  as  that,  if  they  are  properly  constructed  with  short 
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strokes  and  short  feeds,  but  most  of  the  mint  presses  in  use  do  not 
possess  these  improvements.  In  coining  silver  dollars  of  ordinary 
size  (I  particularly  speak  now  of  some  having  on  them  certain 
elaborate  Chinese  inscriptions)  I  found  that  it  was  impossible  to 
rim  as  high  as  100  a  minute,  because,  no  matter  how  good  the  dies 
were,  or  how  high  the  jjressure,  the  silver  alloy  would  not  flow  into 
all  the  fine  lines  at  speeds  over  about  80  a  minute.  Half-dollars  of 
the  same  design,  however,  could  be  coined  at  about  100,  and 
quarter-dollars  at  120. 

Another  case  of  fast  feeding  which  may  be  interesting  was  in 
a  press  that  I  saw  in  Xew  Haven,  where  strips  of  tin-plate  which 
were  less  than  two  feet  long  were  fed  by  hand  at  the  rate  of  200 
a  minute,  small  circles  about  an  inch  and  a  half  in  diameter  being 
cut  from  them.  In  general,  where  the  work  can  drop  through  the 
die  as  in  this  case,  either  in  plain  cutting  work  or  in  double-action 
drawing  work,  etc.,  the  feeding  can  be  done  faster  than  with  so- 
called  "  knock-up  "  work  where  the  cutting  and  forming  are  done 
in  single-action  dies,  and  springs  drive  the  work  up  through  the  die 
so  that  it  rests  on  the  top  thereof.  Of  course,  as  a  sheet  is  passed 
along,  the  work  has  to  be  shoved  off  sideways,  or  in  some  cases  it 
ib  driven  off  automatically.  In  other  cases  the  press  is  inclined  at 
an  angle  of  about  40  degi-ees,  so  that  the  metal  slides  freely  back- 
ward. Still  another  method  is  to  blow  from  the  die  with  a  blast 
of  air.  Where  the  work  is  small,  it  can  be  thus  blown  plenty 
fast  enough  to  get  rid  of  it.  I  have  seen  small  strips  of  thin  metal, 
about  half  an  inch  wide,  cut  and  formed  into  little  cup-shaped 
articles,  resembling  buttons,  entirely  by  hand-feeding,  at  400  a 
minute.  This,  however,  is  a  very  exceptional  case,  bringing  the 
jiroduction  to  upwards  of  200,000  a  day,  with  single  dies — the 
operator  being  unusually  expert. 

Armature  plates,  of  which  there  is  now  an  enormous  production, 
are  often  made  in  one  piece  at  one  stroke,  the  diameters  running 
from  three  inches  to  four  feet  or  so.  When  larger,  they  are  often 
made  in  sections,  cut  separately.  Those  with  notches  around  the 
edge  are  sometimes  cut  complete,  including  shaft-  and  bolt-holes, 
in  dies  which  cost  from  $200  to  $2,000  for  each  pair;  and  they 
must  be  made  extremely  accurate.  A  great  deal  of  this  work, 
however,  especially  where  electric  motors  and  dynamos  are  being 
developed  and  experimented  with,  is  done  by  cutting  the  plain 
disks  first,  whicli  can  be  done  very  rapidly,  and  then  putting  them 
in  a  disk-notching  press  and  revolving  them  automatically,  one  or 
37 
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more  notches  being  cut  at  each  stroke.  The  speed  of  such  a 
machine  runs  all  the  way  from  50  to  200  strokes  a  minute.  I  have 
recently  clone  some  experimenting  to  get  a  higher  speed,  and  have 
built  machines  especially  for  the  purpose,  making  all  reciprocating 
parts  as  light  as  possible  (tubular,  in  bicycle  fashion  and  with  bronze 
castings,  etc.),  putting  on  a  positive  lock  and  an  intermittent 
brake  to  keep  the  work  from  overrunning,  together  with  other 
improvements  making  for  a  higher  speed.  The  machines  were 
for  cutting  work  ujd  to  two  feet  in  diameter,  and  were  guaranteed 
to  cut  250  notches  a  minute.  This  was  above  anything  that  had 
usually  been  done,  but  in  starting  them  up  there  was  no  difficulty 
at  all  in  running  at  300.  A  speed  of  360  was  then  tried  and 
worked  just  as  well  as  250.  At  a  subsequent  speed  of  400  the 
crank-shaft  of  the  press  was  too  much  out  of  balance  to  give  good 
results;  but  with  a  balanced  machine,  I  believe  that  work  can  be 
done  at  this  speed — that  is  when  the  notches  are  numerous,  with 
a  consequent  small  angular  motion  in  indexing. 

I  have  another  item  to  relate  in  regard  to  a  machine  which  I 
saw  recently — not  exactly  a  press,  but  a  special  device  for  cutting 
and  bending  wire  into  staples.  It  was  invented  and  built  by  mem- 
bers of  this  Society,  and  it  worked  with  remarkable  rapidity  in 
making  small  staples  from  the  coil  of  wire,  the  length  being  about 
f  of  an  inch,  and  the  width  f .  The  ends  were  bevelled  in  different 
directions,  and  the  wire  was  slightly  flattened.  A  gentleman 
who  was  supposed  to  know  all  about  wire-working,  was  invited 
to  the  ])lace  where  this  machine  was  running  and  asked  to  give  a  bid 
for  a  very  quick  working  ai)iiaratus.  He  did  so,  and  concluded  there 
might  be  a  speed  obtained  so  that  the  staples  could  be  cut  and 
flattened,  and  bevelled  and  bent  at  a  rate  of  150  a  minute.  So  he 
was  taken  with  his  draughtsman  to  see  the  actual  affair  which 
was  already  running.  It  was  a  simple  machine ;  it  would  all  go 
within  a  cubic  yard  or  so,  including  a  direct-connected  motor  on 
the  main  shaft.  It  was  started  up  and  produced  the  staples  at 
2,000  a  minute,  every  one  perfect,  and  delivered  on  to  a  rod. 
The  gentleman  turned  to  his  draughtsman  and  sadly  said,  "  I 
think  we'll  go  home." 

It  may  be  said,  in  general,  tliat  the  science  of  presses  and  dies 
is  still  largely  empirical ;  it  has  not  advanced  as  far  as  ordinary 
machine-tool  work  and  a  great  many  other  lines  of  mechanical 
engineering;  it  is  very  desirable  that  our  members  should  study 
more  the  general  principles  involved — esijecially  such  as  concern 
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the  flow  of  metal  in  dies,  the  tensile  stresses  at  various  points 
thereof,  and  the  pressures  necessary  for  sundry  operations  of  many 
kinds. 

Mr.  J  no.  T.  Haickins. — I  want  to  call  attention  to  some  connec- 
tion 1  have  recently  had  with  work  of  the  kind  mentioned  by  Mr. 
Smith,  showing  the  great  rapidity  with  which  it  can  be  done,  and 
with  a  much  greater  comparative  rapidity  than  anything  that  has 
been  mentioned  so  far.  I  refer  to  the  making  of  what  is  called  the 
"  crown  cork,"  with  which  you  are  probably  all  quite  familiar. 
This  "  crown  cork  "  is  formed  from  a  disk  of  tin  of  about  an  inch 
and  a  half  in  diameter,  punched  from  sheets,  stamped  up,  thrown 
out  of  the  dies  and  off  the  machine  in  one  operation,  and  being 
cupped,  and  smaller  in  diameter  than  the  holes,  they  drop  through 
the  tin  out  of  which  they  were  punched  as  it  passes  out  of  the 
machine.  The  punches  and  dies  are  arranged  in  these  machines, 
staggered,  and  so  juxtaposed  with  the  feeding  and  the  sheets  of 
tin  fed  automatically  that  the  inch-and-a-half  chsks  are  cut  out 
so  as  to  leave  a  minimum  of  waste.  Each  machine  has  l-i  of 
the  punches  and  dies  staggered  in  that  way,  and  they  are  run' 
at  60  strokes  per  minute.  That  gives  about  840  pieces  which 
are  formed  per  minute,  or  if  running  continuously  for  an  hour, 
about  50,400 ;  in  round  numbers,  for  10  hours'  steady  running, 
half  a  million.  With  12  of  these  machines  running  at  the  works 
the  possibilities  reach  six  millions  per  day.  I  just  thought  I 
would  call  your  attention  to  this  product  to  show  the  great  rapidity 
with  which  the  work  can  be  done. 

Mr.  Oberlin  Si7iith. — I  want  to  "  go  one  better  "  on  the  gentle- 
man who  spoke  of  the  gang  of  dies.  We  have  in  a  cartridge  fac- 
tory a  machine  cutting  and  forming  at  the  same  time  by  the 
double-action  process  with  16  dies  in  a  gang,  certain  small  brass 
cups  at  the  rate  of  105  strokes  a  minute,  which  makes  over  a 
million  a  day.  It  is  self-fed  entirely.  The  whole  thing  only  costs 
a  few  hundred  dollars. 

Mr.  Hawkins  is  the  co-inventor  of  the  wonderful  2,000-a-minute 
machine  pre^aoiisly  mentioned.  I  was  afraid  he  was  so  modest 
that  he  would  not  want  me  to  s])eak  of  it.  jSTow  that  he  has  men- 
tioned his  connection  with  it,  I  tliink  it  is  only  right  to  state  that  he 
and  Mr.  William  Painter,  are  its  inventors. 

Mr.  Chas.  E.  Oahriel. — I  think  I  can  beat  Mr.  Smith's  figures 
on  one  of  his  own  presses.  Some  twelve  years  ago  I  had  to  do 
with  the  fitting  up  of  a  Ferracute  press,  with  gang  dies  for  cartridge 
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■work,  to  blank  and  cujj  20  pieces  at  each  stroke.  The  press  ran 
104  revolutions  per  minute,  making  a  total  of  2,080  cups  a  minute. 
These  were  made  from  metal  in  rolls  fed  automatically,  and  ran 
about  one  hour  without  stopping. 

Mr.  Haivhins. — How  large  are  the  disks? 

Mr.  Gabriel. — The  disks  were  from  \  to  tV  inch  in  diameter 
for  22  and  32  cartridge  shells. 

Mr.  Oherlin  S7)iHh. — I  am  very  glad  to  know  it.  I  had  only  got 
uj)  to  16  in  a  gang. 

Mr.  Stetson. — I  want  to  relate  an  incident  which  took  place  in 
Connecticut,  where  they  work  things  fast.  An  inventor  got  up  a 
machine  for  making  pins  and  interested  a  capitalist  to  furnish 
the  money  to  go  on  with  it.  Before  going  a  great  ways  the 
capitalist  sent  down  to  a  certain  factory  in  Connecticut  to  know 
how  much  pins  were  worth  when  they  were  made.  The  owner 
of  the  factory  said  that  the  price  of  pins  and  wire  was  the  same — 
i1  didn't  make  any  difference. 

Mr.  Hawhins.- — I  shall  not  have  to  revise  my  figures,  but  I 
think  I  had  better  revise  those  of  the  two  last  speakers,  so  far  as 
they  are  likely  to  convey  erroneous  impressions. 

We  could  not  expect  to  form  up  steam-boiler  heads  as  rapidly 
as  blacking-box  covers,  nor  the  latter  as  rapidly  as  crown  corks. 
The  last  speaker  named  f  inch  as  the  diameter  of  the  disk  from 
which  his  cartridge  cases  were  formed.  It  woiild  not  be  too  much 
to  say,  I  think,  when  the  extent  of  movement  required  in  the 
parts  of  such  machines  is  considered,  that  the  rapidity  with  which 
such  cup-shaped  pieces  could  be  cut  out  and  fonned  up  by  equiva- 
lent means,  would  vary  sometimes  in  inverse  proportion  to  the 
square  of  the  diameter  of  the  disk  of  metal  required  to  make 
them,  in  which  case  the  gentlemen's  figures  do  not  approach  the 
M'ork  done  on  the  crown-cork  machine  referred  to;  and  I  still  think 
they  are  at  the  head  of  the  procession. 

Mr.  Oherlin  Smith. — In  reference  to  pins  being  cheaper  than 
the  brass  they  are  made  of,  I  want  to  say  that  in  Connecticut  (and 
I  believe  it  is  the  only  such  place  in  the  Avorld)  they  will  some- 
times furnish  little  brass  cups  and  shells  of  various  kinds  cheaper 
than  they  will  the  sheet-metal  they  are  cut  from.  I  suppose  it  is 
because  they  can  dispose  of  more  of  it  that  way,  and  the  scrap 
is  worth  more  to  them  than  to  us  outsiders,  who  must  accept  the 
miserable  little  price  they  will  pay  us  for  it.  Probably  the  profit 
on  the  metal  is  so  great  that  it  doesn't  make  much  difference  what 
shape  it's  in. 
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Mr.  Gabriel. — There  are  concerns  in  Connecticut  which  sell 
some  lines  of  brass  goods  cheaper  than  the  metal  can  be  bought  to 
make  the  article.  I  have  known  in  the  case  of  curtain  rings  which 
are  made  from  sheet-metal  (blanked,  cupped,  and  closed),  where 
they  could  be  bought  in  thousand-gross  lots  for  less  than  the  price 
of  the  metal  required  to  make  them.  This  is  in  the  nature  of  a 
j.aradox  to  those  not  posted  in  the  matter,  but  is  possible  to  manu- 
facturers who  make  their  own  metal,  as  they  make  a  profit  on 
the  stock  and  retain  the  scrap,  which  amounts  to  50  per  cent,  in 
many  cases,  and  is  worth  more  than  the  cost  of  making  the  goods 
where  automatic  machinery  is  employed. 

Mr.  John  D.  Biggs.* — From  this  discussion  it  would  seem  that 
I  have  not  given  the  small  boys  full  credit  for  what  they  are 
doing  each  day.  It  may  be  noted,  however,  that  there  are  many 
articles  made  in  dies  which  are  not  required  in  such  large  quan- 
tities as  are  one-pound  can-ends  or  22-calibre  cartridge-shells.  A 
few  days'  work  will  often  complete  one  operation  on  an  order, 
when  it  becomes  necessary  to  change  the  boy  to  another  operation 
or  piece  before  he  becomes  so  expert. 

After  all,  the  cost  of  the  finished  article  does  not  depend  so 
much  on  the  number  turned  out  in  a  day,  as  it  does  on  the  quantity 
of  material  consumed,  if  we  take  the  case  of  the  Baltimore 
girl,  who  probably  receives  fifty  cents  a  day  for  cutting  up  about 
twenty  dollars'  worth  of  tin-plate.  If  no  special  means  are  em- 
ployed to  utilize  a  part  of  the  scrap  it  will  represent  one-fourth 
of  the  material,  or  about  five  dollars  a  day.  Mr.  Smith  complains 
of  receiving  a  small  price  for  brass  scrap,  but  we  are  fortunate  if 
wc  get  tin  scrap  taken  away  for  nothing  and  do  not  have  the 
drayage  to  pay. 

In  speaking  of  the  press  with  automatic  feed,  I  should  have 
stated  that  gang  dies  were  used,  and  two  links  produced  at  each 
stroke  of  the  press.  The  press  was  a  standard  machine  and  not 
designed  especially  for  the  production  of  bicycle  chain. 

I  may  mention  a  case  similar  to  that  told  by  Mr.  Stetson,  in 
which  a  western  barb-wire  manufacturer  had  a  machine  built  to 
make  fence  staples  of  ^o.  9  wire.  The  parts  of  this  machine 
except  a  small  "  knock-off  "  had  continuous  rotary  motion,  with 
roll-feed  so  arranged  that  it  was  not  necessary  to  stop  the  machine 
at  the  end  of  each  piece  of  wire.     Different  speeds  were  tried  and 

*  Author's  closure,  under  the  Rules. 
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the  machine  finally  ran  at  420  revolutions  per  minute,  making  one 
staple  at  a  time  but  two  staples  at  each  revolution.  All  went  well 
and  orders  for  several  more  machines  were  about  to  be  placed, 
when  the  salesman  for  the  wire  mill  came  along  and  offered  staples 
at  the  same  price  as  the  wire  to  make  them.  This  manufacturer 
bought  staples  for  several  years  and  until  he  began  to  draw  his 
own  wire,  when  he  also  began  to  manufacture  staples. 

It  seems  that  wire  to  sell  on  the  market  must  be  reasonably 
smooth,  round,  tovigh,  and  to  gauge,  while  no  one  objects  to 
staples  if  they  are  made  of  wire  which  is  not  round,  smooth,  nor 
to  gauge.  Hence  scrap  could  be  made  into  staples;  not  scrap 
entirely,  but  whatever  quantity  of  it  there  may  be  about  the  mill. 
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REGENT  CONSTR UCTION  A  T  THE  A  TLANTIG  A  VENUE 
STATION  OF  THE  EDISON  ELECTRIC  ILLUMINAT- 
ING COMPANY  OF  BOSTON. 


E.   MOULTROF   AND   R.  E.  CURTIS,  BOSTON, 

(Members  of  the  Society.) 


1.  In  view  of  the  selection  of  Boston  as  the  place  of  meeting  at 
this  time,  it  was  thought  that  some  description  of  the  most  recent 
station  construction  of  the  local  Edison  Electric  Illuminating  Com- 
pany might  be  of  interest  to  the  members  of  the  Society,  hence 
this  paper,  the  object  of  which  is  not  to  give  such  a  general  descrip- 
tion of  the  company's  plant  as  would  be  expected  in  a  magazine 
article,  but  rather  to  deal  with  such  special  features  in  connec- 
tion with  the  recent  extension  and  partial  rearrangement  of  the 
principal  generating  station  at  Atlantic  Avenue  as  were  some- 
what peculiar  to  that  station,  or  otherwise  appeared  likely  to  in- 
terest engineers.  For  the  more  general  description,  the  mem- 
bers are  referred  to  the  very  full  article  published  in  the  "  Elec- 
trical World  and  Engineer,"  May  18,  1901. 

At  the  time  the  original  installation  at  this  station  was  made, 
direct  connected  generators  were  rare,  the  size  of  units  compara- 
tively small,  and  vertical  engines  of  the  marine  type  for  electric 
plants  unknown  in  this  coimtry.  The  station  of  1891  was,  there- 
fore, a  pioneer  in  many  of  its  features,  and  marked  a  distinct  ad- 
vance in  its  engineering  in  several  directions.  Nevertheless  it 
was  handicapped  by  certain  conditions  (notably  the  shape  of  the 
land  available  and  the  limitation  of  size  of  apparatus  procurable) 
which  have  been  emphasized  by  recent  advances  in  constructive 
engineering. 

2.  It  is  to  be  noted  that  the  original  plans  contemplated  one 
fire  room — the  cross  wall  at  the  chimney  being  removed — free 

*  Presented  at  the  Boston  Meeting  (May,  1902)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Tranaaetiont. 
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communication  between  the  engine  rooms  by  large  open  archways, 
and  a  switchboard  on  an  open  gallery  in  the  engine  room.  The 
first  installation  of  machinery  included  three  650  horse-power 
vertical  triple-expansion  engines,  each  directly  coupled  to  two 
200  kilowatt  multipolar  generators  and  five  Babcock  &  Wilcox 
boilers,  each  of  368  nominal  horse-power.  Later  there  were 
added  another  engine  with  dynamos  and  two  additional  boilers, 
all  similar  to  the  first,  also  a  1,200  horse-power  vertical  cross-com- 
pound engine,  directly  connected  to  two  400  kilowatt  generators, 
and  in  1899  the  final  installation  was  made  in  the  old  station. 
This  latter  consisted  principally  of  two  1,200  horse-power  verti- 
cal cross-compound  engines,  similar  to  No.  5,  but  each  driving 
one  generator  only,  of  double  the  voltage  of  the  earlier  machines, 
and  situated  between  the  high  and  low  pressure  sides  of  the  en- 
gine, together  with  four  Babcock  &  Wilcox  boilers,  each  of  418 
nominal  horse-power,  and  equipped  with  chain-grate  stokers  and 
with  superheaters.  Up  to  that  time  there  had  been  no  departure 
from  the  general  scheme  originally  laid  down,  except  the  substi- 
tution of  the  two-stage  for  the  three-stage  expansion  tj^se  in  case 
of  No.  5  engine.  Then,  however,  several  features  were  intro- 
duced which  have  become  standard  practice;  viz.,  the  use  of 
superheated  steam,  mechanical  stoking,  the  grouping  of  boilers 
in  batteries  of  two  instead  of  in  continuous  battery,  and  the  single 
dynamo,  operating  at  from  270  to  300  volts  across  the  outside 
wires  of  the  three-wire  system.  All  the  above  engines  were  pro- 
vided with  individual  surface  condensers  and  air  pumps,  circulat- 
ing water  being  furnished  from  the  harbor  by  a  common  pumping 
plant  situated  in  the  basement  of  the  boiler  house. 

3.  Hardly  had  the  1899  installation  been  put  into  operation 
before  the  growth  of  the  company's  business  made  further  ex- 
tension imperative,  and  plans  were  developed  for  the  additions 
which  were  constructed  in  the  following  year,  utilizing  the  land 
adjacent  to  the  station  and  owned  by  the  company,  the  leases  of 
which  were  about  expiring.  During  the  development  of  these 
plans,  their  scope  was  frequently  enlarged,  until  finally,  instead 
of  the  moderate-sized  additions  at  first  contemplated,  they  came 
to  include  considerable  extensions  of  station  and  wharf  property; 
the  buildings  were  carried  to  their  probable  final  limit,  while  so 
much  of  the  apparatus  only  was  then  installed  as  would  meet  im- 
mediate demands,  consisting  of  two  2,400  horse-power  vertical 
cross-compound   engines,   each   driving  a   single   1,600   kilowatt 
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generator,  four  418  horse-power  Babcock  &  Wilcox  boilers  with 
stokers  and  superheaters  and  a  central  condensing  plant,  together 
with  the  usual  accessories.  A  further  installation  is  being  made 
during  the  current  year,  consisting  of  an  equal  number  of  imits 
of  the  same  size,  and,  in  general,  identical  in  detail. 

4.  Before  beginning  construction,  not  only  was  counsel  taken  of 
experience  with  the  innovations  of  1899  and  of  the  local  conditions 
of  situation  and  current  demand,  but  a  careful  study  was  made 
of  other  large  stations  then  in  operation  or  under  construction, 
with  the  result  that  not  only  did  the  new  portion  of  the  station 
develop  several  new  features,  but  much  work  was  done  to  improve 
conditions  in  the  old  station  and  harmonize  them  vrith  those  in 
the  new.  In  the  pages  that  follow,  some  of  these  features  will  be 
briefly  described  and  commented  upon.  It  must  be  borne  in 
mind,  however,  that  the  general  problem  has  been  constantly 
hedged  about  by  local  conditions  largely  beyond  control  of  the 
engineering  staff  to  a  much  greater  extent  than  in  the  average 
station  of  the  size. 

Arrangement   of  Station. 

5.  In  determining  the  general  scheme  of  the  enlarged  plant, 
among  the  considerations  which  presented  themselves  with  spe- 
cial emphasis  were  (a)  the  desirability  of  locating  the  entire 
switching  and  regulating  plant  in  a  central  and  convenient  posi- 
tion, and  (b)  the  importance  of  disposing  it  and  the  various  parts 
of  the  steam  plant  in  such  a  manner  that  no  conceivable  accident 
short  of  an  earthquake  or  a  bombardment  could  bring  about  a 
condition  of  affairs  which  would  compel  the  shutting  down  even 
temporarily  of  the  entire  station.  This  led  to  the  adoption  of 
the  subdivided  type  of  station  shown,  having  two  distinct  engine 
rooms,  two  fire  rooms,  and  a  "  switchboard "  room,  communi- 
cating conveniently  with  each  other,  but  capable  of  instant  and 
complete  separation  each  from  the  other,  so  that  not  only  in  case 
of  fire  or  a  steam  explosion  should  it  be  possible  to  confine  the 
effects  to  the  room  in  which  it  originated,  but  it  is  made  possible 
for  the  electrical  operator  to  remain  comfortably  at  his  post  and 
to  make  such  manipulations  as  will  protect  the  generating  appara- 
tus involved,  and  will  transfer  the  load  to  that  portion  of  the  sta- 
tion which  can  still  be  kept  running. 

6.  Incidentally  it  wiU  probably  be  possible  for  some  time  to 
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carry  the  entire  load  with  the  more  modern  machinery  in  the  new 
rooms  during  the  months  of  light  load,  releasing  entirely  at  such 
times  the  old  station  with  its  less  economical  machinery,  and  re- 
serving it  for  busy  seasons,  when  all  resources  are  utilized  to  their 
fullest  extent. 

Again,  the  change  in  station  architecture  required  to  accommo- 
date and  handle  the  larger  units  was  made  without  affecting  the 
old  station,  except  that  the  roof  of  the  old  boiler  room  was  raised 
and  coal  bunkers  installed  in  continuation  of  those  in  the  new 
room. 

The  means  of  communication  between  the  engine  and  switch- 
board rooms  will  be  touched  upon  later. 

Switchboard    Room. 

7.  The  switchboard  of  the  original  station  was  situated  in  the 
usual  manner  on  an  open  gallery  in  the  engine  room,  and  occupied 
more  than  one-half  of  the  west  wall  of  the  room.  Although  it 
was  originally  intended  to  place  engines  the  full  length  of  the 
room  on  this  side,  the  limited  space  in  front  of  this  board  and  the 
danger  and  discomfort  of  placing  steam  pipes  and  cylinders  close 
in  front  of  it,  were  strong  considerations  in  determining  to  locate 
engines  6  and  7  at  the  front  of  the  room  instead  of  at  the  end  near- 
est the  boilers. 

8.  The  plan  of  1891  contemplated  tearing  out  the  screen  walls 
in  the  lai'ge  arches  back  of  the  switchboard  whenever  the  exten- 
sion to  the  station  should  be  built  and  installing  another  board, 
similar  to  the  first,  on  a  gallery  at  the  end  of  the  new  room.  How- 
ever, by  the  time  the  extension  was  imdertaken,  experience  had 
shown  that  the  switchboard  installation  required  to  meet  the  de- 
mands on  the  station  would  be  considerably  greater  than  had  been 
supposed  nearly  a  decade  earlier.  This,  together  with  the  desire 
to  protect  the  operating  centre  of  the  station  to  the  fullest  possible 
degree,  and  with  the  feeling  that  wise  policy  dictated  generous 
working  spaces  about  the  apparatus,  led  finally  to  the  enclosure 
of  a  part  of  the  original  engine  room  for  this  purpose,  and  its  iso- 
lation from  the  rest  of  the  station  by  substantial  brick  walls  ex- 
tending from  the  basement  floor  to  several  feet  above  the  station 
roof.  The  original  board  thus  became  the  nucleus  of  the  larger 
installation,  and  its  existence  in  this  position  naturally  led  to  the 
selection  for  the  operating  room  of  this  central  location  convenient 
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to  both  engine  rooms.  Communication  with  the  engine  room  for 
giving  and  receiving  orders  is  most  satisfactorily  established  by 
an  installation  of  Cory  signals  of  the  type  commonly  used  on  ship- 
board, there  being  two  sets  of  instruments  in  connection  with  each 
engine  room;  one  set  showing  the  order,  and  the  other  the  number 
of  the  machine  to  which  it  applies.  There  are  also  small  windows, 
lu'otected  by  fire  shutters,  opening  into  the  engine  rooms,  for  ob- 
servation and  emergency  communication,  and  small  fireproof  doors 
for  entrance  and  exit.     It  would  seem,  therefore,  as  though  the 


apparatus  and  operators  in  this  room  should  be  practically  proof 
against  injury  or  disturbance  from  accidents  in  the  station. 

9.  The  structure  of  the  room  and  its  various  floors  is  fireproof. 
There  are  at  present  two  floors  above  the  basement,  and  girders 
are  in  place  for  a  third,  at  the  level  of  the  gallery  in  the  new  en- 
gine room,  should  it  be  needed  in  the  future  (Fig.  247).  All 
these  floors  and  the  treads  of  the  stairways  are  of  slate  supported 
by  steel  framework.  The  old  switchboard  and  a  similar  new 
board  on  the  opposite  side  of  the  room  on  the  same  floor  are  used 
for  distributing  the  current  to  the  various  feeders  supplied  by  this 
station;  also  the  batterv  and  booster  connections  are  made  to  this 
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board.  Each  board  lias  five  sets  of  bus-bars  consisting  each  of 
a  number  of  bars  of  copper  laid  up  together,  with  spaces  between. 
Short  cables  connect  to  the  heels  of  five-point  swivelling  knife 
switches,  which  are  of  1,000  and  1,800  amperes  capacity,  and  arc 
thrown  by  hand.  These  boards  at  present  contain  44  sets  of 
switches  (all  uf  which  are  in  use)  with  ammeters;  tliev  arc 
connected  together  and  to  the  manufacturing  boards  below  by 
two  sets  of  tie  conductors,  consisting  of  thin  copper  bars  grouped 
together,  with  air  spaces  between,  the  total  sectional  area  varying 
to  suit  the  requirements. 

10.  The  manufacturing  board  is  located  on  the  first  floor,  and 
to  it  are  connected  the  various  generators  and  the  tie  lines  to  other 
stations.  The  term  "  board "  is  ai^plicable  to  this  installation 
only  in  a  conventional  way.  At  present  there  are  two  rows  each 
of  20  posts  on  one  side  of  the  room,  on  which  are  mounted  motor- 
operated  switches  of  3,500  and  7,000  amperes  capacity.  One 
of  these  rows  is  used  for  positive  and  the  other  for  negative 
switches.  The  busses  are  similar  in  type  to  those  on  the  feeder 
boards,  but  of  much  greater  capacity,  each  consisting  of  three  8- 
inch  X  |--inch  bars,  giving  a  total  cross-section  per  bus  of  12  square 
inches.  These  switches  were  built  specially  for  the  Edison  Elec- 
tric Illuminating  Company,  and  were  the  first  of  their  kind. 
The  posts  are  cast  iron  of  heavy  pattern,  and  each  is  equipped 
with  five  laminated  copper  switches,  each  making  contact  with 
a  lug  on  one  of  the  five  busses,  and  all  with  a  vertical  copper  bar 
carried  by  the  post.  Arcing  is  prevented  by  a  copper  spring 
moimted  on  the  back  of  the  main  switch  and  making  independ- 
ent contact,  in  connection  with  magnetic  blowouts.  The  switches 
are  operated  by  motors  mounted  on  top  of  the  posts  through 
gearing  and  toggle  joints.  Interlocking  mechanism  is  also 
provided,  making  it  impossible  to  short-circuit  on  two  busses. 
Switclies  are  controlled  by  selector  switches  on  the  operating 
tablr. 

11.  The  field  regulating  rheostats  for  the  generators  are  set 
close  to  the  generators  and  operated  by  motors  controlled  from 
the  operating  table.  This  obviates  a  long  extension  of  the  field 
circuits  to  the  switchboard  room,  thus  reducing  risk  of  trouble 
with  generators;  and  in  case  of  accident  to  the  control  circuit,  hand 
regulation  may  be  resorted  to.  The  entire  system  of  distant 
operation  and  control  makes  possible  a  very  compact  arrange- 
ment of  switches  and  regulating  apparatus,  especially  as  regards 
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ground  area,  brings  everything  under  easy  observation,  facili- 
tates prompt  operation,  and  greatly  reduces  the  labor  of  it. 

The  operating  platform  occupies  one  end  of  the  room  on  the 
same  floor  as  the  feeder  boards,  and  contains  the  operating  table, 
the  signalling  apparatus,  and  the  indicating  board.  The  latter 
is  of  similar  construction  and  appearance  to  the  feeder  boards, 
and  carries  ammeters  for  all  generators,  boosters,  motor-genera- 
tors, and  tie  lines,  the  station  and  standard  voltmeters,  galva- 
nometers, and  pilot  lamps. 

12.  The  operating  table  stands  about  breast  high,  has  an  in- 
clined marble  top,  and  lies  parallel  with  the  indicating  board,  so 
that  the  operator  faces  both  at  the  same  time.  It  is  enclosed  by 
slate  sides.  On  the  top  of  this  table  are  mounted  the  6-way  con- 
trol switches  operating  the  switches  on  the  manufacturing  board; 
the  switches  for  operating  the  distant  field  controlling  rheostats 
of  generators,  etc. ;  the  controlling  smtches  for  the  battery  end- 
cell  switches  (which  are  in  a  separate  building  nearly  200  feet 
away),  etc. 

The  feeders  and  tie  lines  leaving  the  switchboards  and  the 
main  leads  from  the  generators  in  No.  2  room  are  of  cable,  the 
older  feeder  cables  being  carried  through  the  station  in  iron 
ducts  under  the  gallery,  and  the  later  installations  through  vitri- 
fied ducts  in  the  engine-room  floor  and  the  basement  of  the  switch- 
board room. 

The  other  large  conductors  within  the  station,  including  the 
booster  leads,  and  the  connections  to  the  generators  in  the  old 
station  are  of  bare  copper,  each  being  made  up  of  several  thin 
copper  bars  separated  by  air  spaces.  This  is  a  type  of  construc- 
tion which  has  recently  been  adopted  in  several  places  in  the  com- 
pany's different  stations,  and  has  proved  quite  satisfactory.  It 
is  not  affected  by  atmospheric  conditions  which  would  be  quite 
trying  to  cables,  radiates  heat  effectively,  is  less  liable  to  a  dis- 
abling mechanical  injury,  can  be  readily  inspected,  and  is  com- 
paratively economical  to  install.  In  case  of  the  generator  leads, 
the  supports  are  somewhat  different  from  those  used  elsewhere, 
^tna  "  barn  type  "  hangers  are  used,  being  mounted  on  a  steel 
framework,  which  is  in  turn  secured  to  the  floor  framing  above. 
As  a  protection  against  mechanical  injury,  each  group  of  coppers 
is  enclosed  in  a  cage  of  stiff  galvanized  wire  netting,  with  a  slop- 
ing roof  of  sheet  steel.  The  booster  leads  are  supported  on  slotted 
slate  bars  resting  on  an  angle  iron  structure. 
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Main  Steam   Pijping. 

13.  The  original  steam-pipiug  installation  was  arranged  upon 
a  ring  system,  the  boilers  delivering  steam  into  two  headers 
which  extended  lengthwise  of  the  room,  and  which  were  tied  to- 
gether by  cross-mains;  the  latter  were  extended  into  and  length- 
wise of  the  old  engine  room,  and  there  again  joined  by  tie  con- 
nections crossing  between  the  various  engine  foundations.  From 
these  latter  the  branches  to  the  respective  engines  were  taken. 
Valves  were  lavishly  distributed  over  this  system,  making  it  theo- 


iCurUi" 


retically  possible  to  interchange  to  almost  any  desired  extent. 
The  construction  and  arrangement  were,  it  was  believed,  repre- 
sentative of  the  best  practice  prevailing  at  the  time  of  its  installa- 
tion; but  although  it  had  been  operated  for  a  number  of  years 
successfully  and  with  little  trouble,  it  was  considered,  in  the  light 
of  advances  in  construction  and  experience,  and  in  view  of  the  use 
of  superheated  steam,  that  it  was  not  the  best  for  the  new  station, 
and  fresh  plans  were  determined  upon  for  both  parts  of  the 
station. 

14.  It  was  believed  that  the  niiniber  of  units  in  the  station 
had  reached  such  a  point  that  the  elaborate  system  of  interchange 
of  the  old  piping  was  no  longer  of  practical  value,  and  involved 
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unnecessary  complication.  It  was  further  held  that  the  ideal  ar- 
rangement for  a  large  station  with  similar  units  would  be  one  in 
which  each  engine  was  connected  in  the  most  direct  manner  pos- 
sible to  a  corresponding  group  of  boilers,  these  various  units  of 
piping  being  interconnected  by  balance  pipes  to  such  an  extent 
only  as  would  equalize  pressures,  penuit  taking  out  individual 
boilers  as  needed  for  cleaning  and  repair,  and  make  it  possible 
to  run  any  engine  or  boiler  unit  in  connection  with  the  boiler  or 
engine  units  next  adjoining,  in  case  its  own  complimentary  unit 
was  temporarily  entirely  out  of  service.  In  case  the  engines  are 
of  uniform  type  and  power,  and  the  ground  plan  such  as  to  allow 
a  symmetrical  layout,  this  ideal  should  generally  be  easy  to  attain, 
otherwise  an  approximation  only  can  be  made. 

The  manner  in  which  this  was  done  in  this  station  is  outlined 
in  the  diagrams  (Figs.  248  and  249).  It  will  be  seen  that  the  boilers 
are  connected  together  in  groups  of  about  four,  each  group  dis- 
charging through  a  transverse  main  into  one  of  the  series  of 
headers  which  run  lengthwise  of  the  station  along  the  wall  sepa- 
rating the  engine  and  boiler  rooms.  These  headers  are  connected 
each  to  those  next  adjoining  by  means  of  8-inch  loops,  and  from 
the  headers  are  led  the  branches  to  the  engines.  In  case  of  the 
larger  engines  in  No.  2  engine  room,  each  branch  supplies  one 
engine ;  while  in  case  of  'No.  1  engine  room  the  two  mains  are  of 
slightly  larger  size,  and  each  supplies  a  group  of  smaller  engines, 
the  three  1,200  horse-power  engines  being  supplied  by  one,  and 
the  four  650  horse-power  engines  by  the  other  of  these. 

15.  The  auxiliary  machinery  is  supplied  from  special  6-inch 
mains,  conveniently  situated,  and  fed  from  the  principal  mains 
at  various  points.  All  high-pressure  lines  are  drained  by  "  Holly  " 
systems,  one  being  installed  for  the  old  station  and  one  for  the 
new. 

The  distributing  mains  or  "  headers  "  are  12  inches  in  diameter 
and  limited  to  about  50  feet  in  length,  consequently  expansion  is 
kept  down  to  a  moderate  figure,  which  is  also  reduced  by  anchor- 
ing each  header  near  its  centre  of  length.  This  practice  is  also 
followed  in  case  of  the  longer  branch  pipes,  the  expansion  being 
compelled  to  take  place  in  a  predetermined  direction,  and  such 
allowances  being  made  in  the  lengths  of  individual  pieces  as  will 
reduce  the  stresses  on  the  mains  when  in  normal  working  con- 
dition. The  former  roller  bearings  have  been  abandoned  for 
sliding  bearings,  the  friction   on  these  being  most  efficient  in 
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Fig.  249. 


eliminating  vibration,  while  not  being  sufficient  to  interfere  with 
expansion.  In  a  few  cases  where  the  grade  of  a  horizontal  pipe 
was  subject  to  change  with  change  of  temperature,  compensating 
hangers  on  the  steelyard  principle  have  been  used,  and  the  reac- 
tion necessary  to  counteract  vibration  obtained  by  an  arrange- 
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ment  of  semi-elliptical  springs  adjusted  to  take  just  enough  weight 
to  steady  the  pipe  without  exerting  an  excessive  force  in  oppo- 
sition to  the  forces  of  expansion. 

16.  Screwed  flanges  were  discarded  in  favor  of  steel  flanges 
welded  on,  and  the  use  of  copper  for  high-pressure  work  definitely 
abandoned,  as  it  was  belicvud  that  these  steps  would  not  only  re- 
duce the  number  of  joints  liable  to  leaks,  but  would  be  decidedly 
in  the  direction  of  more  uniform,  flexible,  and  trustworthy  ma- 
terials. The  former  policy  of  using  air-furnace  gun  iron  for  fit- 
tings has  been  continued,  great  care  having  been  taken  to  choose 
such  forms  and  dimensions  at  the  junctions  of  flanges  and  branches 
with  the  bodies  of  the  castings  as  will  tend  to  soundness  of  cast- 
ing and  easy  flow  of  steam.  The  company's  specifications  call  for 
an  iron  of  from  28,000  to  32,000  pounds  tensile  strength,  and  a 
very  tough,  compact,  and  reliable  material  is  obtained.  Joints 
are  tongued  and  grooved,  made  up  with  thin  corrugated  copper 
gaskets,  and  heavily  bolted. 

A  special  feature  of  the  piping  is  the  installation,  in  connection 
with  all  valves  controlling  the  branches  from  the  boilers  or  other 
mains  supplying  steam  to  the  headers,  of  auxiliary  valve  stems 
leading  off  through  solid  brick  walls  to  points  from  which  they 
can  be  operated  regardless  of  conditions  at  the  valve.  This  makes 
it  possible  in  case  of  a  disabled  steam  line  to  positively  cut  off  the 
break  in  the  quickest  order.  Stop-check  valves  in  each  boiler 
branch  also  give  additional  protection  to  the  fire  room.  It  will 
be  noted  that  the  change  of  pipe  scheme  made  it  possible  to  re- 
duce the  pipe  sizes  over  those  of  the  former  system,  12-inch  being 
the  largest  size  now  used  against  15-inch  in  the  old  lines.  The 
branches  from  the  boilers  were  reduced  from  8-inch  to  6-inch, 
and  other  lines  kept  to  moderate  sizes.  Inasmuch  as  heat  units 
at  the  engine  were  what  was  sought,  the  reduction  in  radiation 
was  held  to  be  of  more  importance  than  a  slight  drop  in  pressure, 
although  drop  and  velocity  were  kept  within  reasonable  limits. 
Large  receiver  separators  at  the  engines,  with  enlarged  connec- 
tions to  the  cylinders  equalize  the  fluctuations  in  branch  pipes 
due  to  cut-off. 

Central  Condemning  System. 

17.  A  central  condensing  system  (Fig.  2,50)  for  the  new  portion 
of  the  station  was  determined  upon  in  the  belief  that  it  offered 
the  best  opportunity  of  developing  the  space  in  the  main  station 
38 
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for  generating  purposes,  and  would  give  the  most  compact  and 
conveniently  operated  condensing  plant  with  a  satisfactory  econ- 
omy. Advantage  was  taken  of  an  other\vise  unoccupied  area  in- 
cluded between  the  engine  house,  boiler  house,  and  the  adjoining 
buildings  for  the  installation  of  the  condensing  machinery,  so 
that  no  floor  space  is  taken  up  by  it  in  the  station  proper.  The 
complete  plant  will  include  four  air  pumps  with  jet  condensers 
and  feed-water  heaters  in  the  condenser  room,  and  a  riveted  steel 
exhaust  main  extending  from  the  condenser  room  in  either  direc- 
tion and  entirely  around  the  new  engine  room.  The  first  instal- 
lation, made  in  1900,  consisted  of  one-half  the  condensing  machin- 
ery (two  complete  units)  and  that  part  of  the  pipe  extending 
around  the  easterly  and  northerly  sides  of  the  room  and  to  a  point 
beyond  No.  8  engine.  The  remainder  of  the  condensing  ma- 
chinery and  of  the  main  and  a  connection  to  engines  6  and  7  in 
the  old  engine  room  are  to  be  installed  during  the  current  year. 
Therefore,  in  describing  it,  the  entire  system  vail  be  considered 
as  completed. 

18.  Each  condensing  unit  is  of  5,000  horse-power  nominal 
capacity,  and  consists  of  a  vertical  twin-beam  Blake  air  pump 
with  16-inch  steam  cylinders,  44-inch  water  cylinders,  and  24-inch 
stroke,  with  a  jet  condenser  attached.  Circulating  water  is 
taken  from  the  harbor  through  a  sluice  7  feet  wide  by  Hi  feet 
high,  with  its  floor  8  feet  below  mean  low-water  line,  and  is  re- 
turned through  a  48-inch  cast-iron  pipe.  Above  each  condenser, 
and  connected  to  it  by  40-inch  cast-iron  piping,  is  a  vertical  Gou- 
bert  feed-water  heater  58  inches  in  diameter  of  shell,  I7f  feet 
high,  and  containing  1,333  square  feet  of  heating  surface.  The 
exhaust  steam  reaches  the  heater  from  the  engines  by  means  of 
the  main  above  mentioned,  which  is  50  inches  in  diameter,  each 
leg  being  connected  to  the  heaters  of  two  condensing  units,  and 
the  two  legs  interconnected  by  a  40-inch  valve. 

Chapman  gate  valves  are  placed  in  the  main  in  such  positions 
as  to  di^ade  it  into  three  sections,  to  each  of  which  will  be  ulti- 
mately connected  the  exhaust  from  two  of  the  six  engines  forming 
the  full  equipment  of  this  room.  Each  section  is  provided  with 
two  24-inch  Gallison  relief  valves  discharging  through  galvan- 
ized iron  risers,  respectively  30  and  36  inches  diameter,  which 
terminate  above  the  roof  in  Sturtevant  exhaust  heads. 

19.  The  portion  of  the  main  within  the  condenser  room  is  of 
cast  iron  with  suitable  outlets  for  connection  to  heaters  and  re- 
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lief  valves,  while  the  principal  portion  of  the  main  is  a  riveted 
steel  pipe.  This  latter  is,  perhaps,  the  most  interesting  feature 
of  the  condensing  system,  as  it  is  only  by  the  most  careful  design 
and  workmanship  that  a  riveted  pipe  can  be  depended  on  for  such 
service.  So  far  as  known,  there  was  no  precedent  applicable  to 
the  case,  but  after  consulting  with  parties  experienced  in  boiler 
construction,  it  was  concluded  that  a  satisfactory  pipe  could  be 
built,  and  the  contract  was  executed  by  a  local  concern. 

The  main  is  made  up  of  f-inch  flange  steel  plates,  all  joints 
being  butted  with  outside  straps,  and  rivets  being  countersunk 
and  driven  flush  on  the  inside  (Fig.  251).  Roundabout  butt  straps 
are  9  inches  by  f  inch,  and  longitudinal  straps  5  inches  by  -J  inch. 
Longitudinal  seams  are  single  riveted,  and  roundabout  seams 
double  riveted,  all  rivets  being  f  inch  diameter  in  drilled  holes, 
and  pitched  about  2^  inches  centre  to  centre.  All  seams  were 
caulked  inside  and  outside,  and  great  care  was  taken  in  cleaning, 
planing,  rolling,  and  fitting  plates  to  secure  perfect  tightness. 

Each  course  is  made  of  one  plate,  the  longitudinal  seams  being 
about  20  degrees  either  side  of  the  vertical  centre  line  at  the  top 
of  the  plate.  Courses  generally  run  from  7-|  to  8  feet  in  width, 
although  a  few  are  as  wide  as  9  feet  2  inches.  Bends  were  also 
riveted  up,  the  right  angle  (approximately)  bends  being  made 
in  four  courses,  each  with  a  radius  at  the  centre  of  the  pipe  of 
about  9  feet.  Cast-iron  companion  flanges  for  the  valves,  man- 
hole frames  for  each  section,  and  nozzles  for  the  branch  exhaust 
pipes  were  carefully  fitted  and  riveted  to  the  pipe. 

20.  The  greater  part  of  the  pipe  proper  is  supported  by  cast- 
iron  saddles  riveted  to  the  under  side  of  the  shell,  and  resting 
upon  cast-iron  bearing  i:)lates,  which  are  secured  in  turn  to  the 
engine-room  gallery  framework.  These  sujjports  are  placed  about 
16  feet  apart,  and  each  provides  about  1|  square  feet  of  bearing 
surface.  At  the  valves  heavy  cast-iron  saddles  are  provided, 
fitted  under  the  flanges  and  resting  upon  "  I  "  beams.  The  main 
is  secured  in  place  at  the  condenser-room  ends,  and  at  the  oppo- 
site end  of  the  room  it  is  so  conflned  that  movement  lengthwise 
nmst  take  place  in  either  direction  from  the  centre,  otherwise 
it  is  not  confined,  except  by  the  friction  on  supporting  plates. 
The  actual  expansion  in  a  length  of  about  13.5  feet  was  1|  inches 
with  one  engine  running  non-condensing,  which  reduced  to  J  inch 
when  running  condensing. 

21.  Each  condensing  unit  comfortably  cares  for  two  engines. 
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Fig.  251 


The  loss  of  vacmim  between  pump  and  engine  is  small,  and  if 
allowance  were  made  for  friction  in  the  heater  and  in  the  branches 
from  the  individual  engines,  the  drop  in  the  main  would  un- 
doubtedly be  negligible.  A  somewhat  less  vacuum  was  to  have 
been  expected  with  a  condensing  system  like  this  than  from  con- 
densers close  to  the  engines,  especially  mth  the  central  system 
loaded  only  to  a  fraction  of  its  capacity;  but  in  practice  this  loss 
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has  not  appeared  to  be  serious,  and  it  is  believed  to  be  outvceiglied 
by  the  expense,  complication,  and  inconvenience  of  the  pipes  and 
connections  which  would  otherwise  have  been  required  in  the  en- 
gine room,  not  to  mention  the  advantage  of  releasing  valuable 
space  there  for  other  uses  by  placing  the  condensing  plant  in  an 
otherwise  useless  area.  So  far  the  main  has  remained  bare  with- 
out being  troublesome,  but  it  is  possible  that  when  the  full  pro- 
jected engine  equipment  shall  be  installed,  it  may  be  necessary 
to  apply  non-conducting  covering. 

Superheating. 

22.  Beginning  with  the  installation  of  1899,  all  new  boilers 
have  been  equipped  with  Babcock  &  Wilcox  superheaters,  de- 
signed to  superheat  from  100  to  125  degrees,  and  applied  in  the 
usual  manner  in  the  central  pass  of  the  boiler.  There  are  there- 
fore at  present  4  of  the  11  boilers  in  the  old  station  so  equipped, 
together  with  the  4  in  the  new  station,  and  the  boilers  to  be  in- 
stalled this  year  will  also  be  provided  with  superheaters. 

It  is  unfortunate  that  conditions  are  such  as  to  prevent  the  ex- 
act determination  of  the  gain  realized  from  their  use. 

Comparative  results,  based  on  occasional  tests  of  the  various 
engines,  indicate  an  increase  of  economy  varying  according  to  the 
distance  from  the  boilers  and  the  quality  of  the  steam  furnished. 
As  there  are  always  several  boilers  in  service  in  the  old  station, 
which  have  no  superheaters.  No.  9  engine  (the  one  nearest  the 
new  chimney)  is  the  only  one  of  those  installed  so  far  which  can 
be  assiuned  to  have  at  all  times  the  fullest  benefit  of  the  super- 
heat. The  other  engine  in  the  new  room  (No.  8)  is  liable  to  get 
some" of  its  supply  from  non-superheater  boilers,  and  has  the  rela- 
tive disadvantage  of  a  longer  branch  from  the  main.  With  the 
usual  service  combination  of  boilers,  the  superheat  at  the  throttle 
of  No.  8  engine  ranges  from  70  to  80  degrees  Fahrenheit,  and  at 
the  throttle  of  No.  9  engine  from  80  to  100  degrees;  while  at  the 
throttle  of  the  engines  at  the  street  end  of  the  old  engine  room, 
where  a  large  proportion  of  the  steam  is  drawn  from  non-super- 
heater boilers,  and  traverses  approximately  180  feet  of  pipe  after 
leaving  the  header  in  the  boiler  room,  there  is  still  a  little  super- 
heat left,  say,  5  to  10  degrees  ordinarily,  which  may  occasionally 
be  increased  to  about  25  degrees  under  specially  favorable  con- 
ditions. 
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23.  Probably  the  best  argument  for  superheat  under  these  con- 
ditions is  the  fact  that  a  considerable  and  progressive  improve- 
ment in  the  economy  as  gauged  by  coal  used  per  kilowatt  delivered 
to  the  switchboard  has  been  obtained  as  a  result  of  recent  installa- 
tions, a  considerable  part  of  which  cannot  be  assigned  to  any  other 
cause. 

However,  the  following  results  of  acceptance  tests  on  engines 
No.  8  and  No.  9  may  be  of  some  interest.  They  were  taken  in 
case  of  both  engines  at  approximately  normal  full  load,  and  under 
practically  identical  conditions  except  length  of  steam  supply  pipe. 
Tests  A  and  B  were  taken  with  jackets  and  reheaters  in  service, 
and  tests  C  and  D  without. 

Test A  B  C  D 

Engine  under  test Xo.  8  No.  9  No.  8  No.  9 

Average  indicated  borse-povver.    2,267.0  2,201.6  2,239.8  2,215.1 

Jacket  water  per  indicated  horse- 
power hour 0.825  0.78 

Total  water  per  indicated  liorse- 
power  hour  (including  above). 
Actual  conditions 12.72  11.57  12.98  11.88 

Total  water  per  indicated  horse- 
power hour  corrected  to  dry 
steam  at  160  lbs.  initial  and 
26  incheseffective  vacuum...         12.51  11.64  12.61  12.00 

Superheat  at  throttle,  degree  F.         80.2  98.4  78.5  98.4 

24.  There  was  a  noticeable  improvement  in  the  quality  of  steam 
during  expansion  as  compared  with  earlier  engines,  but  moisture 
is  not  yet  entirely  absent  in  either  cylinder,  and  there  must  be  a 
considerable  increase  in  the  amount  of  superheat  at  the  throttle 
before  the  reheater  between  cylinders  can  be  omitted  and  satu- 
rated steam  can  be  delivered  to  the  condenser. 

It  is,  perhaps,  worthy  of  note  that  all  the  compound  engines  at 
the  station  are  Mcintosh  and  Seymour  engines  with  their  stand- 
ard valve  gear  including  sliding  gridiron  valves  which  have  so  far 
proven  perfectly  adapted  to  the  service. 

The  superheaters  have  given  no  trouble  whatever  up  to  the  time 
of  writing,  nor  has  there  been  any  trouble  with  piping  or  valves  on 
account  of  the  quality  of  the  steam. 

Coal  Handling  Plant. 

25.  The  main  elements  of  this  plant  are : 

(1)  A  steel  coal  pocket  running  the  full  length  of  the  water 
front  and  parallel  to  the  pier-head,  and  a  wooden  shed  and  an  open 
storage  space  in  the  rear. 
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(2)  Three  unloading  towers  traversing  the  top  of  the  steel 
pocket,  the  two  older  and  smaller  being  built  of  wood  and  operated 
by  steam,  and  the  new  and  larger  being  constructed  of  steel  and 
operated  by  electricity. 

(3)  Bunkers  of  triangular  cross-section  included  within  and  sup- 
ported by  the  boiler-room  roof  trusses  and  extending  the  full 
length  of  the  room,  and 

(4)  A  system  of  elevated  narrow-gauge  cable  railway  traversing 
all  the  above. 

The  principal  interest  centres  in  the  electrically-operated  tower, 
some  idea  of  the  situation  and  general  arrangement  of  which  can 
be  gained  from  Fig.  25^.  It  will  be  observed  that  the  booms  of  this 
tower  extend  out  on  both  land  and  water  sides,  enabling  it  to  de- 
liver coal  from  the  vessel  into  the  pocket  or  the  open  storage  space 
behind  it,  or  to  deliver  from  either  the  vessel  or  the  storage  area 
into  the  cars  of  the  cable  railway.  The  floor  of  the  tower  is  about 
24  feet  by  33  feet  over  all,  framed  up  of  15-inch  beams  and  chan- 
nels, and  carried  upon  eight  33-inch  wheels.  The  tower  struc- 
ture rises  vertically  with  uniform  outside  dimensions  of  about  21|^ 
feet  by  30  feet  to  a  level  30  feet  above  the  floor.  Above  this  level 
the  form  is  that  of  a  pyramid  55  feet  high.  The  various  grades 
reckoned  from  the  top  of  the  wharf  are  approximately  as  follows : 
To  top  of  rails,  43  feet;  to  bottom  of  boom,  76  feet;  to  peak  of 
tower,  131  feet. 

The  boom  on  the  land  side  is  fixed  in  position  and  extends  out 
72  feet  from  the  centre  of  the  tower,  while  the  boom  on  the  water 
side  slides,  telescoping  the  iixed  boom,  and  can  be  run  out  to  a 
point  62  feet  from  the  centre  of  the  tower.  The  bucket  can  trav- 
erse the  entire  length  of  both  booms. 

26.  The  machinery  is  placed  on  the  main  floor  of  the  tower. 
On  one  side  are  the  hoisting  drums  driven  by  two  100  horse-power 
multipolar  motors,  one  on  each  end  of  the  shaft  and  wired  to  be  run 
in  series  or  in  parallel.  The  resistances  for  these  motors  are  cut 
in  or  out  by  a  system  of  solenoid  switches  operated  by  a  master 
controller  on  the  operating  floor.  On  the  opposite  side  of  the 
tower  is  a  similar  but  smaller  set  consisting  of  two  40  horse-power 
motors  and  the  drums  operating  the  trolley.  The  controller  for 
these  motors  is  of  the  usual  type.  On  an  extension  of  the  shaft 
of  this  set  are  the  drums  for  running  the  boom  in  and  out,  and 
winch  heads  for  traversing  the  tower  along  the  top  of  the  pocket. 
The  operators  are  on  a  floor  over  the  machinery,  one  being  on 
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each  side  of  the  boom  and  operating  respectively  the  hoist  and  the 
trolley.  The  current  supply  is  taken  by  si^ecial  collector  shoes 
from  a  flat  copper  bar,  sujjported  from  the  side  of  the  pocket  and 
kejjt  taut  by  weights. 

The  tower  is  provided  with  a  2-ton  clam-shell  bucket,  which  can 
be  raised  about  three  times  a  minute.  The  cable  railway  is  of 
214  inches  gauge,  and  is  equipiDed  with  self-dumiiing  cars  of  2-^ 
tons  capacity,  each  mounted  on  two  four-wheeled  trucks.  The  cables 
are  electrically  driven.  This  part  of  the  plant  operates  very 
smoothly,  and  does  in  a  very  simple  manner  what,  under  the  same 
conditions,  would  undoubtedly  have  required  a  comjilex  plant 
had  another  form  of  conveyor  been  adopted. 

27.  As  will  be  noted,  the  coal  handling  system  has  been  worked 
out  in  a  much  more  comprehensive  manner  than  the  demands  of 
the  station  alone  would  seem  to  warrant,  and  this  has  been  made 
possible  by  joining  forces  with  one  of  the  principal  coal  retailing 
concerns  in  the  city,  which  also  supplies  from  the  same  wharf  a 
large  local  trade,  using  the  same  grade  of  fuel.  Also,  the  prox- 
imity of  the  large  storage  sheds  and  areas  on  the  wharf,  with  the 
facilities  for  drawing  upon  them  for  station  use,  made  it  possible 
to  reduce  the  station  bunkers  to  their  very  moderate  capacity 
(about  a  day's  supply),  greatly  simplifying  the  construction  and 
reducing  the  cost  of  the  boiler-house  roof. 

Miscellaneous. 

28.  The  handling  of  ashes  at  this  station  has  been  reduced 
to  a  very  simple  system.  They  drop  from  the  grates  directly 
into  chutes,  from  which  they  are  drawn  off  from  time  to  time 
and  teamed  way.  This  manner  of  disposing  of  them,  never  very 
expensive,  may  at  times,  when  there  is  a  demand  for  them  for 
filling,  even  prove  slightly  profitable.  The  standard  type  of  chute 
for  the  old  station  has  been  a  steel-plate  hopper  lined  with  fire- 
brick. For  the  new  boiler-room  a  construction  was  devised  which 
afforded  a  capacity  equal  to  one  day's  production  of  ashes.  It  is 
a  masonry  structure,  supported  by  a  steel  framework  from  the 
main  floor  framing,  and  consists  of  brick-retaining  walls  and  a 
sloping  bottom  of  cinder  concrete,  all  lined  with  firebrick.  A 
rotating  gate  is  provided,  specially  designed,  to  economize  lieight. 
As  the  ashes  fall  from  the  stoker  close  to  the  bridge  wall,  the  lat- 
ter is  supported  by  a  set  of  three  10-inch  cast-iron  I  beams,  and 
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the  chute  extended  back  under  and  somewhat  beyond  it  so  as  to 
obtain  the  maximum  capacity. 

2y.  AVhilc  installing  the  considerable  number  of  large  valves 
(24  to  48  inch)  required  in  the  newer  part  of  the  station, 
it  was  felt  strongly  that  some  means  of  operating  such  valves  more 
conveniently,  and  much  more  expeditiously  than  by  hand,  was  a 
prime  necessity.  Particularly  and  from  obvious  reasons  this  was 
felt  to  be  true  in  regard  to  the  valves  controlling  the  exhausts  from 
the  individual  engines.  Every  possible  motive  power  was  investi- 
gated, but  no  type  could  be  found  satisfactorily  meeting  the  re- 
quirements in  season  for  the  original  installation,  and  they  were 
put  in  of  the  ordinary  geared  hand  types.  This  matter  has, 
however,  been  vigorously  followed  up  and  two  24-inch  valves, 
equipped  with  different  types  of  electric  operating  mechanism 
controlled  from  distant  jaoints,  have  been  recently  built  and  will 
be  thoroughly  tested  in  service.  Enough  has  already  been  learned 
to  make  it  practically  certain  that  all  valves  24-inch  and  over  will 
shortly  be  motor  driven. 

30.  In  closing  it  may  not  be  amiss  to  mention  the  generator 
of  No.  9  unit.  In  this  machine  there  is  provided,  besides  the  ordi- 
nary commutator,  a  set  of  collector  rings  connected  to  the  same 
armature  winding.  Thus  it  can  be  used  to  deliver  direct  current 
in  the  usual  manner  from  the  commutator,  to  deliver  low  tension 
six  phase  alternating  current  from  the  collector  rings,  or  to  deliver 
both  sunultaneously  in  any  desired  proportions.  This  type  of 
machine,  though  not  peculiar  to  this  station,  is  not  common. 
Obviously  in  connection  with  static  transformers  it  would  enable 
high  potential  alternating  current  to  be  transmitted  from  a  low 
potential  direct  current  station,  without  the  use  of  rotary  con- 
verters at  the  generating  station. 

Hereby  is  strikingly  illustrated  the  uncertainty  of  some  of  the 
factors  with  which  engineers  have  to  deal,  for  at  the  time  this 
generator  was  ordered,  the  Edison  Company  shared  the  local  field 
with  a  strong  competitor,  which  furnished  the  arc  lighting  for  the 
city  and  served  a  considerable  business  distributed  over  a  wide 
territory,  from  a  modern  alternating  current  station  in  South 
Boston.  On  the  other  hand,  the  Edison  business  was  to  a  great 
extent  concentrated  in  a  compact  district  about  the  business  centre 
and  naturally  its  plans  proceeded  on  the  basis  of  a  low  tension 
station  with  auxiliary  high  tension  distribution  of  thecomparatively 
small  output  required  for  the  outlying  sub-stations  in  the  residence 
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sections.  To  this  plan  the  double  current  generator  was  well 
suited,  and  had  those  conditions  continued  for  some  years,  as 
seemed  then  probable,  it  would  undoubtedly  have  prevailed  in  later 
installations. 

31.  However,  a  rapid  succession  of  events  has  culminated  in 
the  union  of  the  two  companies  and  the  natural  outcome  in  opera- 
tion will  be  to  distribute  to  all  outlying  stations  from  the  alternat- 
ing station  at  South  Boston,  and  to  furnish  direct  current  for  the 
combined  business  of  both  former  companies  in  the  down-town 
district  from  the  Atlantic  Avenue  station,  so  that,  for  the  remain- 
der of  the  plant  at  this  station,  the  direct  current  machine  will 
undoubtedly  be  the  standard  instead  of  the  double  current  ma- 
chine, as  originally  anticipated. 

DISCUSSION. 

Mr.F.  V.Henshau'.- — The  paper  of  Messrs.  Moultrop  and  Curtis 
is  interesting  as  illustrating  modern  engineering  practice  in  central 
station  construction.  It  is  but  a  truism  to  say  that  our  civilization 
is  founded  upon  the  generation  and  utilization  of  power;  and  the 
enormous  increase  in  the  size  of  central  power  generating  stations 
in  the  last  few  years  is  significant.  There  are  at  present  four 
new  power  stations  in  the  city  of  New  York,  the  rated  capacity 
of  which  range  from  44,000  to  83,000  horse-power  with  a  maxi- 
mum capacity  of  about  50  ])er  cent,  higher.  There  is  also  the 
enormous  station  to  be  built  for  the  operation  of  the  Rapid  Transit 
Subway,  which  is  to  have  a  capacity  of  some  100,000  horse-power. 
Every  effort  of  the  best  engineering  talent  has  been  devoted  to 
designing  central  power  stations  for  the  production  of  power  at 
the  least  cost,  and  with  the  large  financial  interests  involved, 
actuated  by  the  modern  progressive  business  policy,  the  value  of 
improvement  is  rarely  a  question  of  first  cost,  but  rather  of  its 
yielding  a  profitable  return. 

Considering  these  facts,  it  has  seemed  strange  to  me  that  one 
item  in  the  economies  of  central  stations  has  been  given  such 
scant  attention  not  only  in  the  paper  before  us,  but  generally  in 
articles  dealing  \vith  central  station  economies. 

I  refer  to  the  cost  of  water  for  stations  located  in  large  cities. 
In  the  elaborate  papers  of  the  late  Charles  E.  Emery  on  the 
cost  of  steam  power  generated  in  large  quantities,  there  is  no 
mention  of  this  item,  nor  do  I  find  anything  but  casual  and  brief 
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allusions  to  it  in  a  number  of  articles  on  the  like  subject.  I  have, 
therefore,  thought  it  would  be  interesting  to  suggest  this  question 
for  discussion,  in  the  hojDe  of  bringing  out  the  facts  from  those  who 
know. 

It  will  be  observed  that  in  the  statioH  described  in  the  paper 
before  us,  the  original  steam  plant  was  furnished  with  surface 
condensers,  whereas  the  new  central  condensers  are  jet,  which  is 
also  the  type  of  condenser  used  very  generally  in  the  large  central 
stations  in  seaboard  cities.  Even  those  who  nse  surface  condensers 
have  apparently  installed  them  with  the  idea  of  some  day  utilizing 
the  condensed  steam  as  feed-water,  but  are  not  doing  so  to  any 
great  extent  at  present. 

In  Mr.  Haupt's  book  on  street  railways  he  gives  the  cost  of 
water  and  oil  in  the  central  station  at  15  per  cent,  of  the  cost  of 
the  coal.  If  cost  of  water  from  the  city  supply  is  taken  at  $1.00 
per  thousand  cubic  feet,  coal  at  $2.50  per  ton,  and  we  assume  an 
evaporation  of  eight  pounds  of  water  per  pound  of  coal,  it  will  be 
found  that  the  cost  of  the  water  is  a  little  over  10  per  cent,  of  the 
cost  of  the  coal.  For  a  station  developing  10,000  horse-power 
continuously  for  365  days  in  the  year,  this  would  be  equivalent 
to  over  $18,000  per  year  for  the  water  if  the  latter  is  thrown 
away. 

Now,  why  in  these  days  of  fine  economies  is  this  waste  per- 
mitted ?  The  answer  I  have  received  is  the  fear  of  oil  in  the 
boilers,  and  that  is  the  only  conceivable  reason.  If  an  apparatus 
could  be  constructed  to  separate  this  oil  and  save  even  one-half  of 
the  water,  we  would  have  on  the  above  10,000  horse-power  out- 
put a  saving  of  $9,000  per  annum,  and  could  afford  to  spend  say 
$100,000  for  our  oil-separator,  and  allow  a  very  liberal  margin  for 
interest  and  depreciation.  In  the  great  station  to  be  erected  for  the 
Rapid  Transit  Railway  in  New  York,  the  water  bill  will  not  be  less 
than  $40,000  per  annum;  and  I  have  been  told  that  it  is  estimated 
at  nearly  double  this,  and  that  the  Rapid  Transit  people  have 
been  unable  so  far  to  obtain  a  satisfactory  guarantee  that  they 
could  use  their  condensed  water  over  again  without  risk  to  their 
million-dollar  boiler  plant.  There  are  any  number  of  small  plants 
throughout  the  country  which  are  saving  their  exhaust  steam  and 
apparently  having  no  trouble.  I  believe  the  Imperial  Light  and 
Power  Company  of  St.  Louis,  with  surface  condensers  and  cooling 
tower  system,  use  their  water  very  economically.  I  ^vill  not  men- 
tion marine  practice,  as  that  is  for  many  reasons  different  from 
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stationary  practice,  but  I  would  call  attention  to  Mr.  C.  T.  Porter's 
remarks  in  a  discussion  of  Professor  Thurston's  paper  before  the 
American  Society  of  Mechanical  Engineers  in  December,  1899,  in 
which  he  said  that  in  the  steam  plant  of  the  future  there  must  be 
no  oil  in  the  boilers,  which  result  might  be  accomplished  by 
graphite  cylinder  lubrication.  To  blow  solid  matter  of  any  kind 
into  an  engine  cylinder  would  seem  decidedly  risky,  but  is  there 
not  room  for  improvement  in  the  direction  of  reducing  the  amount 
of  cylinder-oil  used? — and  why  cannot  a  device  or,  if  necessary, 
a  combination  of  devices,  as  for  example  the  ordinary  receiver 
separator,  centrifugal  separator  and  feed-water  filter  placed  in 
series,  be  constructed  at  a  cost  that  will  make  it  a  profitable  in- 
vestment in  the  value  of  water  saved  ?  In  addition  to  the  saving 
in  money,  the  utilization  of  the  exhaust  steam  for  feed  water  will 
go  far  toward  solving  the  hard-water  problem  where  such  exists, 
and  it  is  also  of  importance  to  consider  that  in  large  cities  the 
water  supply  is  more  or  less  limited,  and  it  is  a  question  as  to 
whether  such  cities  can  always  undertake  to  furnish  the  enormous 
quantity  of  water  required  by  large  power  stations  which  throw 
away  their  condensed  water. 

Mr.  W.  H.  Morse. — Mr.  Chairman,  I  should  like  to  ask  Mr. 
Curtis  one  question  in  regard  to  his  superheaters.  I  see  they  have 
been  installed  about  two  years.  I  judge  they  are  of  the  U  type 
furnished  with  the  Babcock  &  Wilcox  boiler.  He  states  that  there 
has  been  no  difficulty  with  them.  Have  they  been  examined  for 
pitting  in  any  way  during  these  two  years;  has  any  deterioration 
been  noticed? 

Mr.  Curtis. — Tn  answer  to  that  question  I  would  say  that  the 
superheaters  are  under  constant  inspection,  and,  so  far  as  I  know, 
no  defect  whatever  has  developed. 

ATr.  Moultrop.*—ln  reply  to  Mr.  F.  V.  Henshaw's  discussion  of 
the  paper,  I  woiild  say  that  in  building  the  new  portion  of  the 
station  under  consideration,  we  installed  jet  condensers  for  the 
reasons  that  it  was  general  practice  so  to  do;  that  the  city  water 
we  get  in  Boston  is  very  good  and  very  cheap;  that  it  simplifies 
the  construction  and  operation  of  a  big  station  to  waste  the  con- 
densed steam,  and  that,  owing  to  the  cost  and  quality  of  the  city 
water,  the  probable  net  saving  in  re-using  the  condensed  steam 
would  be  so  small  as  to  make  the  installation  and  operation  of  any 
system  of  water-purifving  apparatus  an  unwarranted  expense. 
*  Author's  closure,  under  the  Rules. 
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We  have  had  some  experience  in  removing  cylinder  oil  from 
the  condensed  steam.  In  the  older  part  of  the  Atlantic  Avenue 
Station,  where  the  engines  are  all  titted  with  surface  condensers, 
we  ran  the  station  for  some  number  of  months  at  a  time  in  this 
way,  but  at  the  end  we  felt,  as  stated  above,  that  the  saving  was  too 
small  to  pay  for  the  trouble  of  operating  filters,  and  the  risk  that 
some  one  might  be  careless. 

In  a  small  station  where  the  apparatus  installed  is  only  a  few 
thousand  horse-power,  it  is  possible,  and  it  is  probably  good  engi- 
neering, to  go  into  all  these  refinements  which  promise  to  better 
the  economy  of  the  station; but  when  you  reach  a  station  of  20,000 
horse-power  and  upward,  we  believe  the  engineers  in  charge 
should  have  the  simplest  possible  kind  of  a  station  to  operate,  and 
a  station  of  this  size,  built  so  that  there  is  no  chance  for  oil  reach- 
ing the  boilers,  will  b6  better  operated  by  removing  this  cause 
for  worry  on  the  part  of  the  operating  engineers. 
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No,  943.* 

A  ROLLER   EJ!:TENS0METER.\ 


BY   GU9.   C.    HENNINQ,    NEW   TORK. 

(Member  of  the  Society.) 


1.  Among  the  earliest  types  of  apparatus  for  measuring  elastic 
changes  of  length  of  material  under  test,  we  find  the  multiplying 
roller,  consisting  of  a  bar  resting  at  one  end  upon  the  test  piece 
and  at  the  other  separated  from  it  by  a  roller  which  carries  a 
long  pointer  mounted  on  a  diameter  of  the  end  face  of  the  roller, 
its  outer  end  sweeping  in  either  direction  over  a  graduated  arc 

'  carried  by  the  free  end  of  the  bar  first  mentioned,  as  the  test 
piece  changes  its  length.  Such  apparatus  X  was  much  used  by 
Bauschinger  in  his  famous  investigations.  Many  other  similar 
pieces  of  apparatus  §  were  constructed  from  time  to  time,  and 
are  now  in  use  for  various  purposes,  with  more,  or  generally  less 
success,  because  of  inherent  errors,  complication  of  design,  or 
difficulty  in  use. 

In  this  new  type  of  the  instrument  there  are  two  frames ;  one 
carrying  the  distance  pieces  or  gauge  rods,  the  other  the  working 
or  reading  parts,  which,  while  placed  symmetrically  around  the 
test  piece,  also  mark  off  the  gauge  length  on  which  observations 
are  to  be  made,  and  can  be  used  in  vertical  or  horizontal  position 
with  equal  facility  and  reliability. 

2.  The  frames  are  similar  to  those  used  in  the  mirror  ||  and 
recording  apparatus  Tf  previously  described  in  the  Transactions,  in 


*  Presented   at   the   Boston   meeting  (May,    1902)   of  the   American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Transactions. 

\  For  further  references  on  this  subject  see  Transactions  as  follows  : 
Vol.  xviii.,  p.  833  :  "A  Pocket  Recorder  for  Tests  of  Materials."  Gus.  C.  Hennlng. 
Vol.  xviii.,  p.  849:  "  A  Mirror  Extensometer."     Gus.  C.  Henning. 
Vol.  xviii.,  p.   1020:    "Autographic   Recording  Apparatus   for  Use   in  Testing 
.Materials."     Thomas  Gray. 

X  Martens'  Randhook  on  Testing  Materials,  par.  679-683. 

§  Ibid. 

I  Transactions  A.  S.  M.  E.,  vol.  xviii.,  p.  849. 
T  Transactions  A.  S.  M.  E.,  vol.  xviii.,  p.  823. 
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that  the  pressure  necessary  to  Jiold  them  in  place  on  the  test 
piece  is  provided  by  spring-cushioned  pointed  screws  symmetri- 
cally placed  in  the  frames,  so  that  this  pressure  cannot  produce  any 
distortion  of  them,  and  insures  uniform  identical  adjustment  and 
position  of  the  instrument  on  the  test  piece  under  all  changes  of 
shape  of  the  latter  during  test.  Tlie  upper  frame  carries  a  pair 
of  symmetrical  hardened  rollers  ground  to  an  exact  diameter, 
supported  on  their  centres  in  adjustable  bushings,  hence  prevent- 
ing all  displacement  of  the  rollers  relative  to  the  points  of  attach- 
ment on  the  test  piece,  so  common  in  other  similar  instruments. 

3.  The  lower  frame  carries  pressure  springs  symmetrically 
placed,  and  a  pair  of  parallel  tubes  used  to  hold  distance  pieces. 
The  operation  of  the  instrument  is  automatic  and  very  simple, 


Pio.  253. 


and  is,  therefore,  free  from  any  influence  of  the  observer;  it  is 
shown  in  principle  by  Fig.  253. 

At  A  and  B,  on  the  test  piece  T,  two  frames  are  clamped  by 
means  of  spring-cushioned  pointed  screws  C.  Frame  A  carries 
rollers  R ;  and  frame  B,  springs  or  bars  <S'.  Frame  A  also 
carries  graduated  arcs  D,  while  the  rollers  carry  verniers  to  these 
arcs  Fin  pairs,  on  opposite  sides  of  the  test  piece.  As  the  latter 
changes  length,  A  and  B  change  their  relative  positions,  carrying 
on  the  one  hand  the  rollers  E,  and  on  the  other  the  bars  S  with 
them.  As  the  bars  S  bear  on  the  rollers  B,  the  latter  are  caused 
to  revolve,  thus  carrying  the  verniers  T^with  them,  moving  in 
opposite  directions  over  the  arcs  D  rigidly  connected  to  the 
frame  A.  As  the  test  piece  T  stretches,  the  verniers  V  will 
39 
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move  away  from  the  test  piece ;  and,  again,  as  the  test  piece 
shortens,  the  verniers  V  will  move  toward  the  test  piece ;  there- 
fore, one-half  the  sum  of  the  readings  will  give  a  reading  as 
though  the  instrument  were  mounted  on  the  axis  of  the  test  piece. 
It  is  necessary  to  make  observations  of  changes  of  length  on  two 
opposite  superficial  elements  in  order  to  obtain  the  true  axial 
elongation,  as  the  elements  of  the  surface  of  material  rarely 
change  their  lengths  uniformly  and  equally  under  the  application 
of  stress,  and  instruments  cannot  be  attached  to  the  axis  of  the 
test  pieces. 

4.  The  proportions  of  diameter  of  roller,  and  divisions  on  arcs 
and  verniers,  are  such  that  the  readings  on  the  verniers  corre- 
spond to  ten-thousandths  of  inches,  and  the  divisions  on  the  grad- 
uated arcs  and  verniers  are  at  the  same  time  exact  numbers  of 
minutes  of  arc ;  hence  any  good  dividing  engine  will  produce 
accurate  scales.  The  latter,  at  the  same  time,  permit  of  some  ad- 
justment should  the  diameters  of  rollers  be  dissimilar  or  not  quite 
correct.  If  a  roller  be  too  small,  it  will  cause  the  vernier  to 
move  too  great  a  distance ;  and  hence,  if  the  radius  of  the  latter 
be  lessened,  the  vernier  will  travel  over  a  lesser  distance.  So  that 
to  provide  for  such  slight  adjustment,  which  is  almost  necessary 
because  rollers  may  have  slight  inherent  errors,  the  arms  carrying 
verniers  and  graduated  arcs  are  made  in  two  pieces,  provided 
each  with  a  sliding  sleeve ;  if  the  roller  is  too  large,  the  arms 
are  lengthened ;  and  shortened,  if  rollers  are  two  small ;  marks 
are  then  made  on  the  sleeves  to  indicate  the  correct  relative  posi- 
tions of  the  arms  sliding  in  them,  and  thus  absolutely  accurate 
readings  can  be  obtained  in  all  cases. 

5.  All  that  is  necessary  to  do  to  obtain  such  accuracy  is  to 
mount  the  instrument  on  a  I'od  and  a  tube,  the  former  sliding  in 
the  latter,  and  actuated  by  a  micrometer  of  known  accuracy.  As 
the  micrometer  is  operated,  the  verniers  move  over  the  graduated 
arcs,  and  the  arms  of  the  two  are  then  lengthened  or  shortened 
as  the  case  may  require,  until  the  readings  are  identical  on  both 
arcs  and  on  the  micrometer.  The  relative  positions  of  the  vernier 
and  arc  arms  are  then  marked  on  their  respective  holding  sleeves, 
and  thereafter  adjusted  to  these  marks. 

6.  When  the  test  piece  lengthens,  the  verniers  move  away  from 
it,  and  hence  the  0  on  arc  must  be  on  the  ends  near  it ;  when 
the  test  piece  shortens,  on  the  other  hand,  it  is  the  reverse,  and  by 
interchanging  the  arcs  the  0   marks  wUl  be  located  on  their 
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ends  away  from  the  test  piece ;  thisintercbangeability  of  arcs  per- 
mits the  use  of  graduation  of  half  the  length  which  would  other- 
wise be  necessary  ;  the  verniers  are,  of  course,  set  to  an  initial  read- 
ing near  the  0  of  each  arc,  at  the  beginning  of  each  test.  By 
the  substitution  of  bars  S  and  pins  jo  of  various  lengths  the  insti'U- 
ment  may  be  used  on  test  pieces  of  any  usual  lengths,  as  it  is  pro- 
vided with  such  for  2.  2i,  4,  6,  and  8-inch  lengths. 

7.  Fig.  254  shows  the  instrument  as  applied  to  an  8-inch  test 
piece  T  in  vertical  position.  A  and  B  are  the  clamping  frames ; 
Ci.  Cn,  C'a,  and  6*4  the  spring-cushioned  hardened  points ;  B^^  and 
Rg  the  bushings  wiiich  support  the  rollers ;  S^  and  Z^  the  bars 
bearing  on  rollers;  T'^and  Yj^  the  verniers  carried  by  rollers:  Z>^ 
and  Z>i  the  graduated  arcs  carried  by  the  bushings,  and  j\  and  p.^, 
the  tlistance  pins  used  for  adjustment  to  gauge  length  ;  f"is  a  bent 
spring  used  to  insure  uniform  pressure  of  bars  Sji  and  Si_  on  the 
rollers  and  prevent  slip. 

In  order  tliat  the  moment  of  mass  may  not  disturb  the  relative 
positions  of  verniers  and  arcs,  due  to  jarring  of  tiie  test  piece  or 
testing  macliine,  the  vernier  and  arc  arms  must  always  be  placed 
in  a  position  as  nearly  vertical  as  possible.  The  friction  between 
bars  S  and  rollers  must  be  verv  slight,  and  hence  the  moment  of 
mass  of  verniers  and  arcs,  small  as  it  is,  because  these  parts  are  of 
aluminium,  might  cause  slips  between  bars  S  and  the  rollers. 

S.  Fig.  255  shows  the  instrument  as  applied  to  a  test  piece  in  a 
horizontal  position,  and  clearly  illustrates  that  the  verniers  in  this 
position  will  have  only  the  minimum  tendency  to  be  disturbed  by 
jarring  ;  the  ratio  between  the  moment  of  friction  on  the  roller  and 
moment  of  mass  of  verniers  and  their  arms  will  be  very  large,  and 
hence  prevent  the  slip  of  the  rollers.  As  will  be  seen,  the  appa- 
ratus will  therefore  work  equally  well  in  a  horizontal  position. 

In  many  other  roller  extensometers  the  rollers  are  held  between 
two  plates  which  are  displaced  relatively  by  change  of  length  of 
test  piece ;  hence  the  roller  changes  its  position  longitudinally  hy 
an  amount  equal  to  one  half  of  sucli  change  of  lengtli ;  their  indi- 
cations are,  therefore,  totally  incorrect.  In  this  instrument,  how- 
ever, the  rollers  can  only  revolve  on  fixed  centres,  and  as  the  ver- 
niers and  arcs  are  carried  by  the  rollers  and  their  supporting 
bushings,  the  one  is  constrained  to  move  in  concentric  arcs  with 
the  other  and  give  correct  motion  in  all  positions. 

9.  In  past  experience  it  was  found  that,  while  the  description 
of  similar  apparatus  is  very  interesting  and  instructive,  numberless 
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questions  have  been  asked  as  to  adjustment  and  application.     In 
order  that  such  questions  may  be  fully  answered  for  all  those  who 


refer  to  the  Transaetions  for  information  aljout  the  apparatus, 
these  points  are  here  brieHy  explained  in  detail. 
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Adjxt^tnient. 

(a)  CJamp  the  distance  pins  Pi  and  P2  of  the  desired  gauge 
length  so  that  the  sci'ibed  lines  and  the  upper  surfaces  of  tubes 
on  frame  H,  through  which  the\'  pass,  are  flush. 

(Jj)  Attach  the  side  bars  Sj^  and  Si_  with  emery-covered  surface 
placed  outwardly,  and  of  the  desired  gauge  length,  so  that  they 
stand  parallel  to  each  other  and  normal  to  the  bottom  surface  of 
frame  B. 

(c)  Draw  out  the  divided  arcs  7)^  an<l  Dj,  as  well  as  the  ver- 
niers Fs  and  Vi,  until  their  ends  are  flush  with  the  marks  on  the 
sleeves  in  which  they  slide. 

{(I)  Place  the  arcs  in  position,  as  shown  in  Fig.  25-i  or  as  in 
Fig.  255. 

((')  For  tension,  tests,  set  the  arcs  with  0  toward  the  test  piece. 

{/)  For  crushing  tests,  set  the  arcs  "with  0  away  from  the 
test  piece. 

{fj)  Adjust  the  attaching  points  6',,  C,.  C^.  and  f  4  so  that  the  dis- 
tance between  them  is  about  ^  inch  less  than  the  tiiickness  of  the 
test  piece. 

10.  Apjylication. 

(a)  Open  both  frames  A  and  B  after  removing  taper  plugs. 

(l)  Place  lower  frame  £  about  the  test  piece  after  it  has  been 
firmly  gripped  by  the  jaws  of  the  testing  machine,  and  lock  it  by 
inserting  the  taper  plug,  great  care  being  exercised  to  have  the 
points  C'3  and  d  bear  on  the  opposite  centre  lines  when  the  test 
piece  is  cylindrical,  anil  that  the  axis  of  screws  C3  and  Cj  is  normal 
to  axis  of  test  piece  T  in  all  cases.  When  in  this  position,  the  screws 
are  advanced  until  their  cushioning  springs  are  flattened  about 
j'u  inch ;  by  moving  these  screws  in  the  same  direction  the  ap- 
paratus can  be  made  to  be  precisely  concentric  with  the  test  piece. 

(c)  The  upper  frame  A  is  now  carefully  placed  around  the 
test  piece  T,  locked,  screws  P  clamping  pins  i)\,p-i,  so  that  the 
instrument  acts  as  a  unit,  and  then  moved  forward  or  back 
until  the  screws  Ci  and  C^  are  truly  opposite  the  axis  of  the  test 
piece  ;  the  screws  are  then  advanced  until  the  cushioning  springs 
are  flattened  y^  inch  and  the  apparatus  is  concentric  with  the  test 
piece ;  if  the  lower  frame  has  been  projierly  adjusted,  the  appar- 
atus will  then  be  in  proper  position.  In  placing  the  upper  frame, 
care  must  be  had  not  to  strike  either  verniers  or  arcs,  and  that 
the  springs  Sji  and  Sj^  bear  on  the  inner  surfaces  of  the  rollers 
Rji  and  Rj^.     Now  free  pins  P  by  releasing  clamping  screws. 
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(d)  The  spring  U  is  then  made  to  bear  on  the  bars  Sg  and 
Si,  at  a  point  slightly  above  the  axis  of  the  rollers ;  the  bearing 
pressure  of  this  spring  must  be  verj'  light. 

(e)  The  verniers  Vg  and  F^  are  now  adjusted  so  that  their  0 
marks  are  nearl}'  opposite  those  on  the  arcs,  and  initial  readings 
taken  on  both  verniers  and  scales.  The  readings  on  verniers  are 
-I-  inch  :  so  that  a  reading  of  1.4  on  the  arc.  and  coincidence  of 
line  3  on  the  vernier,  with  a  division  on  the  arc,  will  be  an  actual 
reading  of  0.0143  inch,  etc. 

11.  The  actual  axial  change  of  length  of  the  test  piece  is  obtained 
by  finding  the  average  of  differences  of  both  right  and  left  read- 
ings from  the  initial  readings,  or  is  one-half  the  sum  of  both 
differences. 

In  order  to  take  readings  with  this  instrument,  definite  loads 
are  applied  to  the  test  piece  under  which  readings  are  taken. 
The  instrument  is,  however,  equally  useful  for  the  determination 
of  the  yield  point  of  materials. 

For  this  purpose  it  is  not  necessary  to  take  readings  of  change 
of  length  of  test  pieces,  but  merely  to  observe  the  rate  at  which 
such  change  takes  place.  During  the  elastic  period,  and  under 
uniformly  increasing  loads,  changes  of  length  are  uniform,  and 
hence  the  verniers  will  move  at  a  uniform  rate  over  the  arcs. 
Upon  approaching  the  yield  point,  however,  the  rate  of  change 
of  length  suddenly  increases  rapidly,  in  which  case  the  verniers 
will  move  at  an  increased  rate  of  speed  over  the  arcs.  This  more 
rapid  motion  of  the  verniers  is  independent  of  the  operation 
of  the  testing  machine,  and  continues  under  increasing  and  de- 
creasing loads,  and  when  the  beam  is  not  kept  in  true  balance. 
It  is  not  affected  by  the  inertia  of  the  testing  machine,  as  may  be 
the  case  with  so-called  "  drop  of  beam  "  or  fall  of  the  pressure 
gauge. 

Such  an  instrument  is  almost  indispensable  for  the  determina- 
tion of  the  yield  point  of  materials  when  making  tests  with 
the  Emery  testing  machines,  in  which  it  is  almost  impossible  to 
take  accurate  account  of  the  "  drop  of  beam  "  unless  taking  un- 
usual precautions,  or  proceeding  at  a  rate  which  is  too  slow  for 
purposes  of  practical  testing. 
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DISCUSSION. 


Mr.  James  M.  Dodge. — I  would  like  to  ask  Mr.  Henning  if 
there  is  any  danger  of  a  rupture  destroying  this  apparatus,  or  do 
you  remove  it  ? 

Mi\  Henning. — Instruments  of  precision  must  always  be  re- 
moved immediately  after  the  yield  point,  because  such  instruments 
are  not  intended  for  anything  more  than  determining  elastic 
changes  of  shape.  The  only  instrument  which  is  used  uj)  to  the 
instant  of  rupture  is  the  autographic  recorder.  But  all  instru- 
ments of  precision  cannot  stand  the  rapidity  of  action  of  a  test 
piece  when  it  stretches  permanently  immediately  after  the  yield 
point,  nor  the  impact  or  recoil  at  the  instant  of  rupture — the  in- 
strument would  be  ruined. 
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No.   944.* 

A   PROPOSED   STANDARD   FOR  MACHINE  SCREW 
THREAD   SIZES. 

BT  CHARLES  C.  TYLER,   PITTSBURG. 

(Member  of  the  Society.) 

1.  Among  the  members  of  the  American  Society  of  Mechanical 
Engineers  identified  in  a  practical  way  with  any  manufacturing 
enterprise,  there  are  probably  very  few  who  have  not  experienced 
more  or  less  difficulty  in  obtaining  commercial  machine  screws, 
purchased  at  different  times,  which  would  fit  j)roperly  in  holes 
tapped  by  the  regular  taps  sold  by  the  small  tool  manufacturers. 
The  size  of  machine  screws  referred  to  more  particularly  in  this 
paper  are  those  less  than  one-half  inch  in  diameter  and  designated 
by  "  screw  gauge  numbers."  The  variations  found  in  the  diam- 
eter, pitch  and  form  of  thread  in  these  sizes,  which  are  not  serious 
to  those  using  only  a  few  hundred  screws  per  year,  become  a  source 
of  large  expense  and  extreme  exasperation  to  those  using  them 
by  the  hundreds  of  thousands.  The  whole  trouble  seems  to  lie 
in  the  fact  that  there  are  no  recognized  basic  reference  standards 
having  a  generally  accepted  form  of  thread  and  diameter,  and 
without  them  reliable  reference,  working  or  limit  gauges  cannot 
be  exactly  reproduced. 

2.  The  diameters  of  the  threaded  portion  of  small  machine 
screws  are  at  present  designated  by  arbitrary  gauge  numbers.  In 
one  respect  these  numbers  are  more  reasonable  than  those  of  the 
many  wire  and  sheet  metal  gauges,  in  that  the  larger  numbers 
represent  the  larger  screws.  The  catalogue  of  the  Brown  &  Sharpe 
Manufacturing  Company  contains  a  "  Table  of  Decimal  Equiva- 
lents of  Screw  Gauge  for  Machine  and  Wood  Screws,"  and  it  is 
there  stated  tliat  "  the  difference  between  conseciitive  sizes  is 
.01316  inch,"  a  difference  not  easily  calibrated  by  the  ordinary 

*  Presented  at  tlie  Boston  meeting  (May,  1909)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Tranaaetiont. 
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measuring  instruments.  If  the  diameter  of  screw  gauge  No.  1 
had  been  established  as  .01316  inch  and  the  other  numbers  had 
been  simply  multiples  thereof,  the  actual  diameter  of  any  number 
would  have  been  easy  to  determine;  but  screw  gauge  No.  1 
has  a  diameter  of  .071  inch,  and  the  zero  of  the  gauge  is  .05784 
inch.  Without  the  table  the  diameter  of  any  gauge  number 
can  be  found  by  multiplying  the  number  by  .01316  inch  and 
adding  .05784  inch. 

3.  The  pitches,  or  number  of  threads  per  inch,  of  small  machine 
screws  are  apparently  standardized  only  for  the  sizes  having  even 
numbers;  but  the  manufactiirers  carry  in  stock  screws  and  taps 
having  a  number  of  different  pitches  for  each  size. 

The  forzn  of  thread  at  present  used  by  the  screw  and  tap  manu- 
facturers is  not  easily  determined  and  may  well  be  considered  an 
unknown  quantity  and  classed  as  a  mongrel.  An  examination  of 
many  screws  of  the  same  and  different  sizes,  made  by  the  same 
and  different  manufacturers,  has  resulted  in  finding  the  top  and 
bottom  of  the  threads  to  be  sharp,  rounded  or  flat,  and  the  angle 
of  the  threads  very  uncertain,  although  alleged  to  be  60  degrees. 


FORM    OF    THREAD. 

4.  Any  new  standard  for  screws  or  bolts  of  any  size  must  have 
primarily  a  practical  form  of  thread  to  meet  with  the  endorsement 
of  progressive  mechanical  engineers.  The  writer,  therefore,  sug- 
gests for  the  Basic  Reference  Standards  of  machine  screws  the 
Seller's  or  Franklin  Institute  form  of  thread,  which  has  an  angle 
of  60  degrees  and  a  truncation  or  fiat  on  the  top  and  bottom  equal 
to  one-eighth  of  the  pitch  of  thread.  In  addition  to  its  adoption 
by  the  United  States  Navy  Department,  the  many  associations, 
societies  and  manufacturing  establishments  in  this  country  as  the 
standard  for  bolts,  nuts  and  screw  threads,  this  form  of  thread 
was  also  adopted  for  machine  screws  by  the  International  Con- 
gress for  Standardizing  Threads,  held  at  Zurich,  October  2d,  3d 
and  4th,  1898.  It  is  a  form  capable  of  being  exactly  reproduced, 
is  easily  maintained  and  the  onl}'  practical  one  in  existence 
which  will  insure  interchangeabiUty.  This  form  of  thread  is  sug- 
gested for  the  basic  reference  standards  only — for  machine 
screws  and  machine  screw  taps  some  modifications  of  the  form  will 
be  presented  later  which  are  worthy  of  consideration. 
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DIAMETERS    OF    SCREWS. 

5.  The  present  screw  gauge  has  30  numbers;  No.  1  is  .071 
inch  diameter,  and  No.  30  is  .45264  inch  diameter;  the  even 
numbered  sizes  being  in  more  general  use,  except  for  the  very 
small  sizes.  The  writer  suggests  for  the  standard  diameters  of 
small  machine  screws  the  fifteen  diameters,  from  .050  inch  to 
.250  inch  inclusive  shown  in  the  sixth  column  of  Table  I.  These 
diameters  were  selected  from  among  the  sizes  of  the  Decimal 


TABLE  I. 


Present 

Diameters  and  Threads  per  Inch 

OF  Small  Machine  Screws. 

Th£  difference  between  consecutive  sizes  is  .01316. 

SnoQESTED 

Diameters  and  Threads 

PER  Inch 

OP  Small  Machine  Screws. 

tea 

1p 

Threads  also  Famished. 

Ip- 

.il|s 

■  Sa 

^0  ^ 

Pitch. 

.050 
.060 
.070 
.080 
.090 
.100 
.110 
.135 
.135 
.150 
.165 

.180 

.200 

.230 

.250 

72 
64 
60 
56 
53 
48 
44 
40 
40 
86 
32 

33 

30 

28 

24 

013889 

015625 

1 

50,60,64,72. 

56. 

^8,64. 

40,44,48,56. 

30,32,40,42.44,48. 

30,.32,86,40,44,48. 

30,36,38.40,44,48. 

24,28,30,32,36,40. 

24,30,36,40,44. 

24,28,30,32. 

20,22,28,30,33,36. 

32,24,28,30. 

20,22,26,28,30,32,34,36. 

20,22,24,32. 

16,18.22,24,26. 

18,20,32,24. 

16,20,22,24,26. 

16,18,20. 

16,30,22,24,26. 

16,18,20,33,34. 

18,30,32,24. 

18. 

14,18,20,22,24. 

14. 

16. 

16. 

V 

A- 

;^- 
h 

A- 

1! 

J. 
il 

ft 

fi 
Ik 

n 
tj 

.07100 

.07758 

.08416 

.09733 

.11048 

.13364 

.13680 

.14996 

.16312 

. 17628 > 

. 18944 f 

.20260 

.21576) 

.22892 f 

. 24208  [ 

. 25524 f 

.26840 

.28156 

.29472 

.30788) 

.  32104  (" 

.34786 

.37368 

.40000 

.42632 

.45264 

016667 

U 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 

56' 

'33' 
"32' 
"24" 
'24' 
'26' 

is" 
"is  " 
ie' 

16 
16 
16 
14 
14 

.017857 
.019231 
.030833 
.022727 
.025000 
.02.5000 
.027778 
.031250 

.031250 

.033333 

.035714 

.041667 

17 
18 

.38125 

22 

.045455 

19 
30 
22 
24 
26 
28 
30 

.3125 

34375 
.375 
.40625 
.4375 
.46875 
.500 

20 

20 
18 
18 
16 
16 
14 

.050000 

.050000 
.055556 
.055556 
.062500 
.062500 
.071429 

606   A   PROPOSED   STANDARD   FOR   MACHINE   SCREW   THREAD   SIZES. 

Gauge,  are  in  thousandths  of  an  inch  and  can  be  easily  calibrated 
by  the  ordinary  measuring  instruments. 

The  sizes  of  the  Decimal  Gauge  have  already  been  recom- 
mended by  the  American  Society  of  Mechanical  Engineers  and 
adopted  by  the  American  Railway  Master  Mechanics'  Association, 
and  the  American  Steel  Mamifacturers'  Association.  Eight  diam- 
eters larger  than  .250  inch,  advancing  by  thirty-seconds  of  an  inch, 
are  given  in  the  tables  simply  to  fully  cover  the  range  of  the  screw 
gauge  numbers. 

PITCH    OF    SCREWS. 

6.  The  pitch,  or  number  of  threads  per  inch,  of  small  machine 
screws  varies  with  the  work  for  which  they  are  used;  very  thin 
pieces  requiring  liner  pitches  than  thick  ones.  That  variations 
in  pitch  are  called  for  is  shown  by  the  assortment  given  for  each 
diameter  of  screw.  The  writer  suggests  for  the  standard  pitches 
of  small  machine  screws  those  given  in  the  seventh  and  eighth 
columns  of  Table  I.  These  pitches  were  determined  by  the  for- 
mula 

p=0.2.3   v^l  +  o.025-0.175. 
p=pitch,  d= diameter. 

This  formula  was  proposed  by  Mr.  George  M.  Bond  in  1882,  and 
referred  to  in  a  lecture  delivered  by  him  before  the  Franklin 
Institute,  February  29,  1884,  on  the  subject  "  Standards  of 
Length  as  Applied  to  Gauge  Dimensions."  It  differs  from  the 
one  used  for  the  determination  of  the  pitch  of  United  States 
Standard  bolts,  nuts  and  screw  threads  only  in  its  coefficient,  which 
is  0.23  instead  of  0.24,  and  increases  the  number  of  threads  per 
inch  more  rapidly  as  the  diameter  decreases. 

The  exact  pitches  derived  from  the  formula  are  given  in  Table 
II.,  and  the  suggested  standard  pitches  will  be  found  to  closely 
approximate  the  derived  pitches. 
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TABLE  II. 

Pitch  Deteiuiiixatioxs  et  tue  Formula 

p=0.i.'3    Vd  +  O.625-0.1T5. 

p=pitcli,  d= 

=diameter. 

Diameter  in 

Pitch  obtained 

Equivalent 
threads. 

Suegeeted  st 

Decimal  parts 
of  iiicn. 

by 

numbrt-  ihi 

formula. 

per  inch. 

per  incl 

.050 

.013968 

71.6 

72 

.OliO 

.01.5348 

65.15 

64 

.070 

.016728 

59.8 

60 

.080 

.018108 

55.22 

56 

.090 

.019188 

51.31 

52 

.100 

.020822 

48.03 

48 

.110 

.022179 

45.08 

44 

.12.5 

.024080 

41. .53 

40 

.135 

.025514 

39.19 

40 

.150 

.027469 

36.4 

36 

.165 

.02U424 

33.95 

33 

.180 

.031356 

31.89 

82 

.200 

.033909 

29.46 

30 

.220 

.086439 

27.44 

28 

.250 

.040142 

24.91 

24 

.28125 

.043960 

22 .  75 

23 

.3125 

.047686 

20.97 

20 

.34375 

.051366 

19.40 

20 

.375 

.055000 

1».18 

16 

.40625 

.058.565 

17.07 

18 

.4375 

.06:2061 

16.11 

16 

.46875 

.065557 

15.25 

16 

.500 

.068938 

14.5 

14 

MODIFICATION    OF    THREAD    FORM. 


7.  Screws  of  any  size  fit  better  in  the  angle  of  the  thread  in 
taj^ped  holes  if  there  is  clearance  at  the  top  and  bottom  of  the 
threads.  Bolts  and  nuts,  when  made  with  threads  in  exact  ac- 
cordance with  the  United  States  standard  thread,  do  not  have  this 
clearance,  yet  by  a  slight  modification  of  this  form  of  thread, 
clearance  can  be  obtained  and  still  preserve  the  desirable  feature 
of  the  practical  iuterchangeability  of  thread  sizes.  A  change  in 
the  amount  of  truncation  or  flat  at  the  bottom  of  the  thread  of 
screws  and  at  the  top  of  the  thread  of  tajjs  would  be  the  only  modi- 
fication of  the  United  States  standard  thread  necessary  to  obtain 
the  desired  clearance ;  but  for  any  given  size  the  diameter  of  the 
screws  and  taps  should  remain  the  same  when  measured  in  the 
angle  of  the  thread. 

For  screws,  the  form  of  thread  suggested  has  an  angle  of  60 
degrees,  a  flat  at  the  top  of  the  thread  1-8  of  pitch,  and  a  flat  at 
the  bottom  of  the  thread  1-16  of  pitch. 

For  taps  the  form  of  the  thread  suggested  has  an  angle  of  60 
degrees,  a  flat  at  the  top  of  the  thread  1-16  of  pitch,  and  a  flat  at 
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the  bottom  of  the  thread  1-8  of  pitch.  A  screw  and  sectional 
tapped  nut  and  a  sectional  screw  and  nut  having  these  modified 
forms  of  thread,  giving  clearance  at  the  top  and  bottom  of  the 
thread,  are  shown  in  Fig.  256. 

When  a  screw  and  tap  measure  the  same  diameter  in  the  angle 
of  the  thread,  the  tap  has  a  larger  external  diameter  than  the  screw 
if  the  top  of  the  thread  is  flatted  1-16  of  pitch,  and  these  increased 


external  diaiiieter  of  tap.s  for  each  size  of  screw  arc  shown  in  the 
first  column  of  Table  III. 


STAXDAKD     KKFERENCK     TIIKEAD     GAUGES. 

S.  To  insure  the  intercliangeability  of  machine  screws  and  taps, 
a  practical  system  of  gauging  should  be  provided  and  ultimate 
standards  of  reference  are  desirable,  particularly  in  cases  of  dis- 
puted thread  sizes.  The  modifications  of  the  forms  of  thread 
for  screws  and  taps  to  give  clearance,  each  being  based  on  the 
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United  States  Standard  thread,  makes  it  seem  desirable  to  provide 
three  sets  of  standard  reference  thread  gauges  for  each  gauge 
diameter;  one  basic,  one  for  screws,  and  one  for  taps. 

BASIC  STANDARD  REFERENCE  THREAD  GAUGES. 

9.  The  writer  would  suggest  as  the  foundation  of  the  system  a 
set  of  Basic  Standard  Reference  thread  gauges;  these  gauges 
to  be  made  of  unhardened  tool  steel,  to  represent  exactly,  in  every 
detail,  the  United  States  form  of  thread,  the  diameter  at  the 


,e_p_^     Form  of  Thread 

f^  c/».i  fp-pitch=- 


Fortnula-' 


umber  of  threads  iper  inch 

d=dep+h=px,6495. 


Basic  Standard  Reference  Thread  Gauges. 


top  of  thread,  the  diameter  at  the  bottom  of  thread,  and  the 
correct  pitch ;  each  basic  standard  gauge  to  have  plainly  marked 
thereon  the  diameter,  number  of  threads  per  inch  and  M.  S.  Stand- 
ard Basic  (ilachinc  Screw  Standard),  as  shown  in  Fig.  257,  which 
also  gives  the  thread  formula. 

The  basic  standards  should  be  used  only  for  comparative  calibra- 
tion in  the  making  of  the  reference  standards  for  screws  and  taps. 


STANDARD    REFERENCE     THREAD     GAUGES     FOR    SCREWS. 

10.  These  gauges  are  to  be  made  of  unhardened  tool  steel,  to 
represent  exactly,  in  every  detail,  the  modified  United  States  form 
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of  thread  (having  an  angle  of  60  degrees,  a  flat  at  the  top  of  thread 
1-8  of  pitch  and  a  flat  at  the  bottom  of  thread  1-16  of  pitch),  the 
diameter  at  the  top  of  thread,  the  diameter  at  the  bottom  of  thread, 
and  the  correct  pitch.  Each  standard  for  screw  gauge  is  to  have 
plainly  marked  thereon  the  diameter,  number  of  threads  per  inch, 
;;nd  M.  S.  Standard  Screw,  as  shown  in  Fig.  258,  which  also  gives 
the  thread  formula. 

The  standards  for  screw  gauges  should  be  exact  duplicates  of 


Form  of  Thread 

p- pitch- 


Formula  ■< 


number  of  tlireads  p«r  inch- 

d=olepth-px.70365 

f.t.-fla+-top  =  |- 
f.b.=flatbottom=^ 


Standard  RtFtRENCE  Thrcad  Gauges  tor  Screws. 

Fig.  258, 

the  basic  standards  in  external  diameters,  in  pitch  and  in  diameter 
measured  in  the  angle  of  the  thread,  and  vary  from  them  only 
in  the  reduced  diameter  at  the  bottom  of  the  thread,  due  to  the 
increased  depth  of  the  thread  by  1-16  of  pitch. 

STANDARD    REFERENCE    THREAD     GAUGES     FOR    TAPS. 


11.  These  gauges  are  to  be  made  of  unhardened  tool  steel,  to 
represent  exactly,  in  every  detail,  the  modified  United  States  form 
of  thread  (having  an  angle  of  60  degi-ees,  a  flat  at  the  top  of  thread 
1-16  of  pitch  and  a  flat  at  the  bottom  of  the  thread  1-8  of  pitch), 
the  diameter  at  the  top  of  the  thread,  the  diameter  at  the  bottom 
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of  the  thread,  and  the  correct  pitch.  Each  standard  for  tap  gauges 
is  to  have  plainly  marked  thereon  the  diameter,  number  of  threads 
]ipr  inch,  and  M.  S.  Standard  Tap,  as  shown  in  Fig.  259,  which  also 
gives  the  thread  formula. 

The  standard  for  tap  gauges  should  be  exact  duplicates  of  the 
Basic  Standards  in  diameter  at  the  bottom  of  the  thread,  in  pitch, 
and  in  diameter  measured  in  the  angle  of  the  thread,  and  vary 
from  them  only  in  the  increased  external  diameter  at  the  top  of  the 
thread,  due  to  the  increased  height  of  the  thread  by  1-16  of  the 
pitch.    Standard  Reference  thread  gauges  are  given  in  Table  III. 


Form  of  Thread 
p-pitch= 


Formula  ■■ 


number  of  threads  per  inch. 

d"depth-px.70365 

f.t-flattop.J^ 
fb.-flat  bottoms  I 


Standard  Reference  Thread  Gauges  for  Taps. 


Fig.  259. 


Standard  Eeference  thread  gauges  for  screws  and  taps  should 
be  used  only  for  comparative  calibration  in  the  making  of  working 
gauges  for  screws  and  taps,  and  to  detect  by  calibration  the  wear 
of  the  working  gauges  in  actual  use.  If  used  only  for  the  above 
purposes,  these  gauges  would  remain  standards  indefinitely;  but 
if,  through  accident  or  carelessness,  they  are  injured,  new  refer- 
ence gauges  could  be  exactly  reproduced,  provided  the  set  of  Basic 
Standards  had  been  carefnllypreserved  in  a  safe  or  vault  where  all 
such  standards  should  be  kept. 
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TABLE 

III. 

Standard  Kepekence 

Thread  Gatjoes. 

Standard  GAnoES  for 

Basic  St.vndari> 

Reference 

Standard  Gauqeb  roK 

Taps 

Gauges 

Screws. 

Diameter 

Diameter 

Diameter 

Threads 

i         Diameter 

Diameter 

Diameter 

Top  of 

at  Koot  Oi 

Top  of 

per 

at  Root  of 

Top  Of 

at  Root  of 

Thread. 

Thread. 

Thread. 

Inch. 

Thread. 

Thread. 

Thread. 

.05151 

.03196 

.050 

72 

.03196 

.050 

.03045 

.06170 

.03971 

.060 

64 

.03971 

.060 

.03801 

.07180 

.04835 

.070 

60 

.04835 

.070 

.04655 

.08194 

.05681 

.080 

56 

.05681 

.080 

.05487 

.09208 

.06503 

.090 

52 

.06502 

.090 

.06294 

.10226 

.07291 

.100 

48 

.07294 

.100 

.07068 

.11246 

.08048 

.110 

44 

.08048 

.110 

.07802 

.12771 

.09253 

.125 

40 

.09258 

.125 

.08982 

.13771 

.103.53 

.135 

40 

.10253 

.135 

.09982 

.15302 

.11393 

.150 

36 

.11393 

.150 

.11091 

.16838 

.12441 

.165 

32 

.12441 

.165 

.12103 

.18338 

.13941 

.180 

32 

.13941 

.180 

.13603 

.20361 

.15670 

.200 

30 

.15670 

.200 

.15309 

.28387 

.17361 

.220 

28 

.17361 

.220 

.16974 

.25452 

.19588 

.250 

24 

.195S8 

.250 

.19136 

.28623 

.22226 

.28125 

22 

.22226 

.28125 

.21733 

.31791 

.24756 

.3125 

20 

.24755 

.3125 

.24214 

.34921 

.27885 

.34375 

20 

.27885 

.34375 

.27344 

.38102 

.30284 

.375 

18 

.30284 

.375 

.29682 

.41232 

.3:^414 

.40625 

18 

.33414 

.40625 

.32812 

.44427 

.38632 

.4375 

16 

.35632 

.4375 

.349.55 

.475.57 

.38762 

.46875 

16 

.38762 

.46875 

.38085 

.50774 

.40722 

.500 

14 

.40722 

.500 

.39948 

WORKING   GAUGES    FOR   SCREWS. 


12.  The  important  measurement  of  a  screw  thread  is  its  diam- 
eter as  compared  with  the  diameter  of  the  standard  reference 
thread  gauge  for  screws  when  measured  in  the  angle  of  the  Ihread. 
A  screw  thread  may  be  quite  a  little  smaller  than  the  gauge  size 
in  e.xtt'rnal  diameter  and  made  almost  a  sharp  V  at  the  bottom 
and  still  fit  satisfactorily  in  a  standard  tapped  hole,  provided  it 
is  the  correct  diameter  in  the  angle  of  the  thread. 

The  ordinary  internal  thread  hmit  gauges  for  small  diam- 
eters without  adjustment  for  taking  up  wear,  require  special 
taps  for  their  manufacture,  and  change  size  so  rapidly  that  they 
are  hardly  practical;  when  provided  mth  adjustment  for  tak- 
ing up  wear  they  become  quite  expensive,  and  to  insure  correctness 
of  size  and  to  guard  against  being  tampered  with,  they  must 
be  frequently  inspected;  the  use  of  either  style  of  gauge  for  the 
inspection  of  screws  is  a  slow  process. 

The  external  diameter  of  the  threaded  portion  of  a  screw  can  be 


A   PROPOSED   STANDARD   FOR    MACmNE   SCREW   THREAD   SIZES.    fil3 

easily  calibrated  by  the  ordinary  mici-onieter  caliper,  or  limit  hole 
or  notched  gauges  can  be  satisfactorily  used.  To  determine  the 
diameter  of  screws  when  measured  in  the  angle  of  the  thread,  the 
writer  suggests  the  iise  of  some  special  indicating  instrument  by 
which  the  diameter  of  the  screw  may  be  quickly  compared  with  the 
diameter  of  the  Working  Gauges  for  screws. 

The  working  gauges  for  screws  should  be  unhardened  and 
exact  duplicates  of  the  standard  reference  thread  gauges  for 
screws,  in  external  diameter,  in  diameter  at  the  bottom  of  thread, 
in  pitch,  and  in  diameter  measured  in  the  angle  of  the  thread; 
each  working  gauge  for  screws  to  have  plainly  marked  thereon 
the  diameter,  number  of  threads  per  inch,  and  "  M  Screw." 


WORKING   GAUGES    FOR    TAPS. 

13.  The  measurement  of  taps  is  fully  as  important  as  the  meas- 
urement of  screws.  The  tap,  however,  may  be  quite  a  little  larger 
than  the  gauge  size  in  external  diameter,  in  fact  made  sharp  V 
at  the  top,  and  somewhat  larger  in  diameter  at  the  bottom  of  the 
thread  (with  wider  flat),  and  still  tap  a  hole  into  which  a  standard 
threaded  screw  Avould  fit  satisfactorily,  provided  it  is  the  correct 
diameter  in  the  angle  of  the  thread.  The  suggested  method  of  de- 
termining the  diameter  of  taps  when  measured  in  the  angle  of  the 
thread  is  the  same  as  for  screws;  i.e.,  the  use  of  some  special 
indicating  instrument  by  which  the  diameter  of  the  tap  may  be 
quickly  compared  with  the  diameter  of  the  Working  Gauges  for 
taps. 

The  working  gauges  for  taps  should  be  unhardened  and  exact 
duplicates  of  the  standard  reference  thread  gauges  for  taps,  in  ex- 
ternal diameter,  in  diameter  at  the  bottom  of  thread,  in  pitch, 
and  in  diameter  measured  in  the  angle  of  the  thread;  each  working 
gauge  for  taps  to  have  plainly  marked  thereon  the  diameter,  num- 
ber of  threads  per  inch,  and  "  M.  S.  Taps." 

The  handles  of  all  working  gauges  should  be  of  some  form  easily 
distinguished  from  that  of  the  reference  gauges. 

LIMITS   OF  VAEIATION    IN    SCREW   AND   TAP   DIAMETERS. 

14.  It  is  not  to  be  expected  that  the  thread  sizes  of  small  screws 
and  taps  can  be  made  commercially  to  correspond  exactly  with  the 
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gauge  dimensions,  and  established  limits  of  variation  may  pre- 
vent controversy  if  the  sizes  of  either  are  in  dispute. 

To  insure  the  satisfactory  fit  of  a  screw  in  a  tapped  hole,  it  seems 
obvious  that  screws  should  never  be  larger  than  the  working  gauges, 
though  they  may  be  a  trifle  smaller;  and  that  taps  should  never 
be  smaller  than  the  working  gauges,  though  they  may  be  some- 
what larger.  The  variations  from  the  working  gauge  sizes,  there- 
fore, should  be  always  minus  for  the  screws,  and  plus  for  the  taps. 

For  screws  and  taps  of  the  small  diameters  under  consideration 
the  limits  may  well  be  determined  by  some  multiple  of  the  pitch, 
and  the  writer  suggests  —  pitch  x  0.05  —  as  a  practical  formula. 

The  limits  of  variation  in  the  diameters  of  machine  screws  and 
taps  when  measured  in  the  angle  of  the  thread  as  determined  by 
the  formula  are  shown  in  Table  IV. 


Taps.  Sizes.  Screws.  l^lmitl. 

+  .0007  .050  -.0007  .0014 

+  .0008  .060  -.0008  .0016 

+  .0008  .070  -.0008  .0016 

+  .0009  .080  -.0009  .0018 

+  .0010  .090  -.0010  .0020 

+  .0011  .100  -.0011  .0022 

+  .0012  .110  -.0012  .0024 

+  .0013  .125  -.0013  .0C26 

+  .0013  .135  -.0013  .0026 

+  .0014  .150  -.0014  .0028 

+  .0016  .165  -.0016  .0032 

+  .0016  .180  -.0016  .0032 

+  .0017  .200  -.0017  .0034 

+  .0018  .220  -.0018  0036 

+  .0021  .250  -.0021  .0042 

+  .0023  .28125  -.0023  .0046 

+  .0025  .3135  -.0025  .0050 

+  .0025  .34375  -.0025  .0050 

+  .0028  .375  -.0028  .0056 

+  .0028  .40625  -.0028  .0056 

+  .0031  .4375  -.0031  .0062 

+  .0031  .46875  -.0031  .0062 

+  .0036  .500  -.0036  .0072 

15.  For  the  rapid  inspection  of  screws  or  taps  to  determine  if 

they  are  within  these  limits  of  variation,  the  method  suggested 

is  their  comparison  by  calibration  with  the  working  gauges  by 

the  use  of  the  special  indicating  instrument,  which  will  instantly 

give  the  correct  reading.     For  the  limits  of  variation  of  the  ex- 
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ternal  thread  diameters  of  screws  and  taps  the  formula — pitch 
X  0.1  is  suggested,  and  the  derived  limit  sizes  by  this  formula 
are  shown  in  Table  V. 

TABLE   V. 


Limits   of   Variation    in    Extehnal    Thread    Diameters    of   Machine 
Screws   and   Taps. 


Taps. 

+ .0014 
+  .0016 
+  .0016 
+  .0018 
+  .0020 
+ .0022 
+  .0024 
+  .0026 
+  .0026 
+ .0028 
+  .0032 
+  .0032 
+  .0034 
+  .0036 
+  .0042 

+  0046 
+ .0050 
+  .00.50 
+  .0056 
+  .0056 
+  .0062 
+  .0063 
+  .0073 


Formula  = 

=  Pitch  X  0.1. 

Sizes. 

Screws. 

.050 

-.0014 

.060 

—  .0016 

.070 

-.0016 

.080 

-.0018 

.090 

-.0020 

.100 

-.0022 

.110 

-.0024 

.125 

-.0026 

.135 

-.0026 

.150 

-.0028 

.165 

-.0032 

.180 

-.0032 

.200 

-.0034 

.220 

-.0036 

.250 

-.0043 

.28125 

-.0046 

.3125 

-.0050 

.34375 

-.0050 

.375 

-.0056 

.40625 

-.0056 

.4375 

—  .0063 

.46875 

-.0063 

.500 

-.0072 

.0028 
.0032 
.0032 
.0036 
.0040 
.0044 
.0048 
.0053 
.0052 
.0056 
.0064 
.0064 
.0068 
.007i 
.0084 

.0093 
.0100 
.0100 
.0113 
.0112 
.0134 
.0134 
.0144 


LIMITS    OF   VARIATION    IN    SCREW    AJND   TAP   PITCHES. 


Screws  and  taps  often  have  threads  which  have  an  incorrect 
pitch  or  lead,  and  therefore  do  not  fit  properly.  These  errors  are 
probably  due  to  the  warping  of  dies  and  taps  during  the  temper- 
ing process.  Slight  changes  in  lead  are  not  very  serious,  but  if 
limits  be  established  there  need  be  no  dispute  later  by  interested 
parties.  The  limits  suggested  are  0.002  inch  plus  or  minus,  for 
either  screws  or  taps,  for  one  inch  of  length. 

By  suitable  jaws  the  errors  of  pitch  may  be  determined  by  using 
the  same  instrument  as  for  calibrating  in  the  angle  of  thread. 
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TABLE 

VI. 

Thread  Measurements  for  Machine  Screws 

AND  T.\P8. 

Width  of  flat 

Width  of  flat, 

8  limes 

2  times 

Diameter 
of 

Number 
threads, 

Pitch. 

at  top 
of  thread, 

at  bottom      depth 
of  thread,    V.  S.  Stand. 

depth  Htand. 
machine 

screw. 

per  inch. 

i  of  pitch. 

A  of  pitch. 

thread. 

screw  thread. 

.050 

72 

.013889 

.001736 

.000868 

.01804 

.01955 

.060 

64 

.015625 

.001953 

.000977 

.02029 

.02199 

.070 

60 

.016667 

.002083 

.001043 

.02165 

.02345 

.080 

56 

.017857 

.002232 

.001116 

.02319 

.02513 

.090 

52 

.019231 

.003404 

.001202 

.02498 

.03706 

.100 

48 

.020833 

.002604 

.001302 

.02706 

.02932 

.110 

44 

.022737 

.002841 

.001431 

.02952 

.03198 

.125 

40 

.025000 

.003135 

.001563 

.03247 

.03518 

.135 

40 

.025000 

.003125 

.001563 

.03247 

.03518 

.150 

86 

.027778 

.003472 

.001736 

.03608 

.03909 

.165 

32 

.031250 

.003906 

.001953 

.04059 

.04397 

.180 

32 

.031250 

.003906 

.001953 

.04(159 

.04397 

.200 

30 

.033333 

.004167 

.002084 

.04330 

.04691 

.220 

28 

.035714 

.004464 

.002232 

.04639 

.05026 

.250 

24 

.041667 

.005208 

.002604 

.05412 

.05864 

.28125 

22 

.045455 

.005682 

.002841 

.05904 

.06397 

.3125 

20 

.050000 

.006250 

.003125 

.06495 

.07036 

.34375 

20 

.050000 

.006250 

.003125 

.06495 

.07036 

.375 

18 

.055556 

.006945 

.003473 

.07316 

.07818 

.40625 

18 

.055556 

.006945 

.003473 

.07216 

.07818 

.4375 

16 

.062500 

.007813 

.003907 

.08118 

.08795 

.46875 

16 

.062500 

.007813 

.003907 

.08118 

.08795 

.500 

14 

.071429 

.008929 

.004465 

.09278 

.10052 

SPECIAL    INDICATING    INSTRUMENTS. 

16.  There  are  in  lise  in  the  different  watch  factories  several 
kinds  of  rack  and  pinion  gauges,  of  both  the  horizontal  and  vertical 
types,  for  calibrating  the  diameter,  length  and  thickness  of  watch 
parts.  The  horizontal  or  "  fine  "  gauge  might  be  readily  adapted 
for  the  special  indicating  instrument  and  such  a  modified  gauge 
is  fhown  in  Fig.  260.  The  spindle  passing  through  the  circular  por- 
tion of  the  instrument  has  a  rack  cut  upon  it  which  engages  with 
a  short  train  of  wheels,  giving  a  circular  motion  to  the  hand. 

The  ratio  of  the  rack  and  wheels  in  this  gauge  is  such  that  a 
rotation  of  the  hand  equal  to  one  division  on  the  dial  represents  a 
longitudinal  movement  of  the  spindle  of  0.001  inch.  To  one  end 
of  the  spindle  is  attached  a  jaw  having  a  single  V  edge  with  an 
angle  of  60  degrees  and  properly  flatted,  so  that  it  cannot  touch 
the  bottom  of  the  thread  of  a  screw  having  24  threads  per  inch ; 
this  jaw  can  be  adjusted  lengthwise  upon  the  spindle  by  means 
of  a  screw  in  the  end  of  the  spindle.  The  stationary  jaw  has  two 
parallel  V  edges  with  angles  of  60  degrees  properly  flatted  and 
the  edges  correctly  spaced  for  the  pitch.  (For  different  pitches 
the  stationary  jaw  must  be  changed;     or  better  still,  provide  a 
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Fig.  2(J1. 
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complete  gauge  for  each  pitch.)  In  measuring  a  screw  the  con- 
tact is  insured  by  a  long  helical  spring  connecting  with  the  case 
and  spindle,  which  gives  a  nearly  uniform  pressure  between  the 
jaws.  To  compare  the  diameter  of  a  screw  with  its  proper  working 
gauge,  insert  the  gauge  between  the  jaws  and  move  the  jaw  with 
single  V  edge  by  the  screw  until  the  hand  registers  0;  after  this 
adjustment,  insert  the  screw  and  its  variation  from  the  diameter 
of  the  gauge  will  be  indicated  by  the  hand  upon  the  dial. 

The  small  tool  department  of  the  Pratt  &  Whitney  Company 
has  for  several  years  used  the  instrument  shown  in  Fig.  261  to  de- 
termine the  variations  in  thread  diameters  of  taps  under  one-half 
inch  diameter. 

If  the  accuracy  of  either  style  of  instrument  shown  should  be 
questioned,  the  fact  to  be  borne  in  mind  is  that  the  exact  diameter 
of  a  screw  when  measured  in  the  angle  of  the  thread  is  not  essen- 
tial— it  is  that  diameter  when  compared  with  the  diameter  of  the 
gauge  that  is  the  important  measurement. 


Mr.  Tyler. — It  may  be  of  interest  to  the  members  of  the  Society 
to  present  some  recent  comparisons  between  commercial  machine 
screws  and  taps,  and  a  set  of  steel  ])hig  gauges. 

The  gauges  were  made  about  eighteen  months  ago.  Their  diam- 
eters over  the  top  of  thread  were  in  accordance  with  the  num- 
bered gauge  diameters,  and  the  threads  were  a  sharp  V  in  form. 
The  screws,  of  both  brass  and  steel,  were  purchased  from  the 
American  Screw  Company — taken  from  regular  storeroom  stock — 
and  five  gross  of  each  size  were  compared  witli  the  gauges.  The 
taps  were  bought  within  two  months  from  the  J.  M.  Carpenter 
Tap  and  Die  Company,  Pratt  &  Whitney  Company,  Morse  Twist 
Di'ill  and  ^Machine  Company,  S.  W.  Card  Manufacturing  Com- 
]iany,  and  Standard  Tool  Company.  Twelve  taps  of  each  screw- 
gauge  size  from  each  of  the  manufacturers  named  were  com- 
])ared  with  the  gaiiges.  (Taps  were  ordered  from  several  other 
manufacturers,  but  had  not  been  received  two  weeks  ago.) 

The  comparison  of  eleven  sizes  of  screws  and  taps  was  made 
by  the  use  of  the  special  indicating  instrument  shown  in  Fig.  261, 
measuring  in  the  angle  of  the  thread,  and  the  results  are  given 
in  the  f ollowina;  table : 
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Vabiations  Found  in  Commercial  Machine  Screws  and  Taps  when 
Measured  in  the  Angle  of  Thread. 


Size. 

Screws. 

Taps. 

Combined. 

Gauge 

No. 

Max. 

Min. 

Total 

Max. 

Min. 

Total 

Max. 

Min. 

Total. 

2-64 

+  .006 

—.002 

.009 

+  .013 

+  .003 

.01!) 

+  .013 

in. 
—.002 

.015 

2-56 

+  .006 

0. 

.006 

+  .014 

+  .008 

.006 

+  .014 

0. 

.014 

4-40 

+  .012 

—.002 

.015 

+  .014 

+  .005 

.009 

+  .014 

—.002 

.016 

4-32 

+  .006 

+  .002 

.004 

+  .012 

+  .009 

.003 

+  .012 

+  .002 

.010 

6-.32 

+  .006 

0. 

.006 

+  .014 

+  .002 

.012 

+  .014 

0. 

.014 

8-32 

+  .003 

—.004 

.007 

+  .008 

+  .001 

.007 

+  .008 

—.004 

012 

10-32 

+  .003 

—.001 

.006 

+  .010 

+  .002 

.008 

+  .010 

—.001 

.011 

10-24 

+  .004 

—.002 

.006 

+  .009 

+  .002 

.007 

+  .009 

—.002 

.011 

12-32 

+  .005 

—.001 

.006 

+  .013 

+  .004 

.009 

+  .013 

—.001 

.014 

12-24 

+  .008 

—.002 

.010 

+  .011 

+  .003 

.008 

+  .011 

—.002 

.013 

14-24 

+  .008 

—.003 

.011 

+  .013 

+  .004 

.009 

+  .013 

—.003 

.016 

It  is  well  known  that  the  gauges  used  are  too  small  in  diameter 
in  the  angle  of  thread,  but  they  serve  the  purpose  of  showing  the 
variations  in  size  of  the  regular  screws  and  taps^  which  can  now  be 
bought  in  the  open  market. 

Mr.  E.  II.  Neff. — The  difficulties  encountered  by  the  author 
of  this  paper  are  matters  of  very  common  knowledge,  but  it  would 
seem  to  me  that  nearly  all  wliich  he  mentions  can  be  classed 
as  defects  in  workmanship.  It  is  unfortunate  that  he  has  not 
made  plain  whether  his  criticisms  refer  to  screws  in  which  the 
threads  are  cut  with  dies,  or  whether  he  is  talking  about 
screws  with  upset  heads  and  rolled  threads,  such  as  will  be 
obtained  in  the  open  market  in  packages  when  a  cheap  screw  is 
wanted.  The  manufacturers  of  screws  have  been  pressed  to  the 
limit  for  cheapness  of  selling  price,  so  that  there  is  little  difference 
between  the  price  of  stock  and  the  price  of  screws,  and  often 
this  diilerence  is  in  favor  of  the  screws.  All  of  the  troubles  he 
relates  can  be  overcome  by  placing  orders  with  screw  manu- 
facturers for  the  large  quantities  he  uses,  and  specifying  dimen- 
sions and  the  limits  of  accuracy  required.  If  these  specifications 
are  submitted  for  bids  I  have  no  doubt  the  screw  manufacturers 
would  name  a  price  which  would  enable  them  to  fulfil  the  require- 
ments. It  is  impossible  to  make  a  good  article  for  the  cost  of  the 
cheapest. 

With  reference  to  the  variations  in  the  form  of  thread,  it  is 
scarcely  believable  that  this  is  the  result  of  ignorance  either  as 
to  proper  angle  or  to  the  dimensions  of  the  threads.  On  cheap 
screws,  of  course,  if  dies  are  used,  they  will  be  kept  in  service  as 
long  as  possible  before  being  discarded ;  in  operating  the  automatic 
screw-machine  department  the  operator  will  be  compelled  to  keep 
as  many  machines  going  as  he  possibly  can,  so  as  to  keep  down 
the  wage  cost,  and  this  means  that  the  dies  as  well  as  other  tools 
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will  receive  the  minimum  of  attention.  A  neglected  die  means  a 
dull  one,  and  this  in  turn  means  threads  with  rounded,  twisted 
sides,  and  with  distorted  pitches.  A  like  situation  exists  as  regards 
taps  and  dies  where  the  element  of  cheapness  has  been  run  to  the 
limit,  with  the  result  that  the  product  is  of  little  or  no  value. 

My  observation,  covering  several  years  in  this  class  of  work, 
has  been  that  parties  who  send  to  tap  and  die  manufacturers 
specifying  the  diameter  of  screw  in  thousandths  and  the  number  of 
threads  per  inch,  have  no  difficulty  whatever  in  obtaining  exactly 
what  they  order.  Such  taps  and  dies,  however,  purchased  of 
reputable  manufacturers,  will  cost  more  than  those  turned  out  for 
indiscriminate  sale  in  supply  stores  unless  the  special  order  is  for 
a  considerable  number  of  one  kind.  It  hardly  seems  reasonable 
to  suppose  that  the  large  screw  manufacturers  or  the  large  tap  and 
'  die  makers,  who  have  competent  engineering  forces,  are  not  per- 
fectly familiar  with  the  proportions  of  a  standard  thread,  and 
have  not  the  means  of  producing  and  reproducing  these  correctly 
ad  libiUim. 

Referring  to  the  question  of  measuring  screws  or  taps,  there  is 
an  instrument  which  has  been  made  by  the  Brown  &  Sharpe  Mfg. 
Co.  for  several  years  for  this  purpose,  namely,  their  Screw  Thread 
Micrometer  Caliper  (Fig.  2C2).  This  instrument  is  intended  to 
establish  screw  sizes  within  as  accurate  limits  as  it  is  possible 
to  measure  with  any  micrometer  reading  in  thousandths.  It 
measures  screws,  taps,  or  gauges  on  the  angle  of  the  thread,  giv- 
ing the  correct  pitch  diameter,  which  is  read  off  directly  and  exactly 
on  the  caliper  itself.  Accompanying  this  micrometer  are  tables 
giving  the  correct  pitch  diameter  for  each  standard-size  screw 
with  standard  threads,  either  of  the  United  States  Standard  form 
of  thread  or  with  the  sharp  "  V  "  thread.  If  plug  thread  standards 
are  not  provided,  the  caliper  can  be  set  to  the  size  given  in  the 
table,  and  used  for  a  gauge  to  which  to  fit  the  screw.  If  you  wish 
to  compare  a  standard-plug  gauge  with  a  screw,  it  is  only  necessary 
to  compare  the  readings  on  the  screw  and  on  the  gauge.  If  you 
are  making  some  odd-size  screw,  you  can  compute  the  correct  pitch 
diameter  so  as  to  find  out  what  the  micrometer  should  read  by  sub- 
tracting from  the  nominal  outside  diameter  the  depth  of  one 
thread.  If  a  screw  with  V  threads,  subtract  the  quotient  of 
.800  divided  by  number  of  threads  to  1  inch.  For  United  States 
Standard  threads,  subtract  the  quotient  of  .6495  divided  by  num- 
ber of  threads  to  1  inch. 
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I  believe  the  presentation  of  this  jiajxT  at  this  time  will  be  a 
good  thing  for  all  concerned,  because  the  least  it  can  do  will  be 
to  start  an  agitation  which  may  result  in  screw  manufacturers  and 
screw  users  getting  together  on  the  question  of  quality  and  price 
to  their  mixtual  Ijenefit.     ISTone  of  the  reasons  given  would  be 


a  sufficient  excuse  for  adopting  a  totally  different  and  new  scheme 
of  sizes  for  the  screw-pitch  gauge.  We  already  have  too  many 
gauges,  and  if  possible  this  number  should  be  reduced.  If  any 
chaiigc  is  to  be  made,  I  believe  the  present  screw  gauge  should  be 
abandoned,  and  the  American  Standard  Wire  Gauge  substituted 
therefor,  using  such  of  its  numbers  as  will  present  a  fairly  uni- 
form range  of  sizes  from  ^  inch  down.     One  gauge  would  then 
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cover  both  cases,  and  it  would  only  be  necessary  to  assign  to  each 
size  of  wire  a  suitable  number  of  threads  j)er  inch. 

I  append  hereto  a  table  showing  the  standard  I  would  suggest 
for  the  new  screw  list,  but  even  this  could  be  shortened  to  ad- 
vantage by  omitting  all  sizes  over  ^  inch : 


ESENT  Screw- 

FllKE.Mls  PER 

Proposed  Screw 

Thread  per 

Gauge. 

I.NCH. 

Gauge. 

INCU. 

No.     111. 

No.    In. 

30  =  .4.5264 .  .  . 

...14 

oono  =  .46 

....16 

29  =  .43948 .  .  . 

28  =  .42632... 

...14 

27  =r  .41316... 

000  =  .40964 . 

....18 

26  =  .4000  .  ,  . 

. .  .16 

2.5  =  .38684 .  .  . 

24  =  .37368 . . . 

...16 

23  =  ..36052... 

00  =  .3648  . 

....20 

22  =  .34736.. . 

...16 

21  =  .33420... 

20  =  .32104.  .  . 

.  .  .16 

0  =  .32486. 

... .20 

19  =  .30788... 

18  =  .29472.,. 

...18 

17  =  .281.50..  . 

1  =  .2893 .  . 

....22 

16  =  .26840.  .  . 

.,.18 

15  =  .25524..  . 

2  =  .2.5763. 

....24 

14=  .24208  .  . 

...20 

13  =  .22892.  .  . 

3  =  .22942 . 

....28 

12  =  .21576... 

...24 

11  =r  .20260..  . 

4  =  .20431 . 

....30 

10  =  .18944, .  . 

...24 

9  =  .17628... 

5  =  .18194. 

....32 

8  =  .16312.  .. 

...32 

6  =  .16202. 

...32 

7^  .14996.  .  . 

7  =  .14428. 

....30 

6  =  .13680.  .  . 

...32 

5  =  .12364... 

8  =  .12849. 

....40 

4  =  .11048... 

.36 

9  =  .11443. 

.. ..44 

3  =  .09732... 

10  =  .10189. 

48 

11  =  .09074. 

52 

2  =  .08416... 

...56 

12  =  .08081 . 

56 

1  =  .0710  ... 

13  =  .07196. 

60 

14  =  .06408 64 

15  =  .05707 72 


Ml-,  (iconjo  M.  ]>iiiiiJ. — 1  would  say,  that  fmui  tlio  experience 
T  have  hail  in  the  use  of  tiie  United  States  Standard  Thread,  the 
adiiiitiiiu  of  that  form  of  tlii'cad,  fiO  degrees  inchuled  angle,  flat, 
to]),  and  bottom  ^  of  the  ]ntcli,  f(ir  the  reference  niddcls  nv  stand- 
ards, certainly  secures  the  conditions  best  adapted  for  uiaintainiug 
the  standard,  as  it  docs  for  originating  it  in  case  nf  the  destruction 
or  wear  of  the  reference  gauges. 

The  reduction  of  width  of  flat  at  the  bottom  of  the  tlnva.l  of 
the  screw  gives  the  clearance  at  this  jioiut,  and  liy  ln\-ing  the 
tapped  hole  as  produced  by  a  tap  aa-IiIcIi  is  larger  in  the  outside 
diameter,   the  top  fif  the  threail   Ixiui;'  thus  sliiihtlv  less  than  ^ 
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the  pitch,  ensures  a  clearance  at  this  point  also.  This  is  a  feature 
necessary  in  the  Sellers  or  United  States  Standard  system  of  bolts 
and  nuts,  in  order  to  obtain  the  practical  interchangeability  de- 
sired. Hence  this  form  of  thread  will  meet  most  admirably  all 
the  requirements  of  an  interchangeable  system  for  machine-screws 
as  well,  which  does  not  at  present  exist. 

The  method  suggested  by  Mr.  Tyler  in  his  paper  for  compari- 
son of  screws  and  of  taps  would  seem  to  me  to  be  particularly  well 
adapted  for  the  purj^ose,  by  measuring  in  the  angle  of  the  thread, 
a.-,  it  is  one  which  is  necessary  in  the  use  of  the  United  States  Stand- 
ard, because  the  actual  contact  or  fit  of  the  thread  in  the  nut  is 
and  should  be  in  the  angle,  not  at  top  or  bottom.  Therefore,  the 
adoption  of  the  same  principle  for  machine  screws  will  give,  from 
our  experience,  the  greatest  efficiency  in  the  comparison  of  dif- 
ferent screw  sizes  and  of  taps  within  limits  that  entirely  are  prac- 
ticable. 

It  should  be  a  source  of  satisfaction  to  all  concerned  to  have  the 
subject  treated  in  this  way,  for  I  think  it  is  in  the  right  direction, 
especially  avoiding  the  use  of  niunbered  sizes,  which  as  we  all 
know  are  not  sufiiciently  definite  for  those  who  have  been  un- 
fortunate enough  to  have  to  reconcile  the  vagaries  of  the  various 
wire  gauges  based  on  arbitrary  numbered  sizes.  By  adopting 
the  decimal  diameters  which  Mr.  Tyler  proposes,  the  system 
covers  the  range  and  diameters  adopted  by  the  American  Railway 
Master  Mechanics'  Association,  up  to  and  including  ^  of  an  inch, 
as  being  practically  equivalent  to  the  usual  sizes  of  wire,  and  as  the 
diameters  are  in  thousandths  of  an  inch,  no  confusion  can  possibly 
arise  on  this  account. 

It  would,  therefore,  seem  to  me  that  the  system  advocated  in  the 
l)aper  has  elements  in  it  commending  it  to  the  favorable  considera- 
tion of  both  manufacturers  of  machine-screws  and  makers  of  taps, 
as  well  as  the  users  of  machine  screws  and  machine-screw  taps. 
It  will  certainly  be  a  practical  solution  of  the  problem  of  inter- 
changeability of  so-called  machine  screws,  \vithin  the  limits  that 
are  necessary  for  a  manufactured  product. 

Mr.  Oberlin  Smith. — This  is  an  extremely  important  subject, 
and  I  most  sincerely  hope  that  the  Society  will  appoint  a  committee 
to  formulate  and  recommend  a  standard  for  machine  screws.  They 
arc  a  perfect  nuisance  as  they  are  now  made.  They  are  known 
by  gauge  numbers  which  do  not  mean  anything,  and  which  are 
diiierent  from  the  wire-gauge  numbers  of  the  Birmingham  gauge, 
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or  the  Brown  &  Sharpe,  or  any  other,  except  that  some  sizes  may 
happen  to  agree.  There  is  no  reason  why  screws  below  ^  inch 
in  diameter  should  not  be  subject  to  the  same  rigid  rules  as 
are  screws  above  that,  according  to  the  Franklin  Institute  or 
Sellers  Standard.  That  standard  never  should  have  stopped  at 
{  inch.  I  disapprove  of  the  recommendation  in  this  paper  of 
flattening  the  thread  at  the  top  and  bottom,  except  as  it  is  done  in 
the  Sellers  thread — that  is,  on  the  screw  itself.  Perhaps  some 
regular  clearance  might  be  gi\'en  to  all  nuts.  While  this  com- 
mittee is  at  it  they  might  overhaul  all  screw  threads  in  this 
particular.  The  Sellers  Standard  should  be  altered  only  in  two  or 
three  of  the  smaller  sizes,  which  should  be  of  finer  pitch  than 
now.  The  thing  that  this  committee  should  do  if  appointed  is 
to  make  the  series  of  pitches  approximately  correct  from  begin- 
ning to  end,  all  the  way  down  to  watch-screws.  This  proposed 
table  I  see  makes  -f^  which  is  ^  of  an  inch,  24  threads  per  inch. 
If  I  remember  aright,  the  Sellers  Standard  is  20  per  inch. 

This  series  may  be  really  better  in  itself,  but  it  will  not  join  on 
to  the  Sellers  Standard,  which  is  adopted  and  is  in  use  in  this 
country  and  in  a  good  many  parts  of  the  world.  The  Whitworth 
Standard  is  about  the  same  as  regards  pitch,  and  there  is  no  rea- 
son why  the  Sellers  and  Whitworth  threads  should  not  extend  their 
series  downward  to  small  screws — with  the  modification  before 
suggested.  It  is  absurd  to  make  a  new  series  extending  above 
^  inch  which  is  different  from  these — thus  giving  us  two  kinds 
of  :^-inch,  1%  -inch,  and  f -inch  screws,  etc. 

Mr.  Ambrose  Sicasey. — I  am  very  glad  indeed  that  Mr.  Tyler 
has  presented  this  paper  to  the  Society,  for  he  has  given  a  great 
deal  of  attention  to  this  subject,  and  fully  appreciates  its  im- 
portance. I  think  it  is  a  subject  which  may  well  be  considered  by 
the  Society,  and  to  that  end  I  move  that  the  question  of  ai^point- 
ing  a  committee  of  five,  for  the  purpose  of  considering  the 
question  of  formulating  a  standard  for  screw  threads  of  smaller 
diameters,  be  referred  to  the  Council  with  power. 

Mr.  Oherlin  Smith. — I  second  the  motion. 

The  motion  was  carrird. 

Mr.  F.  H.  Bayer. — I  think  it  is  due  to  The  American  Society  of 
Mechanical  Engineers  that  this  question  of  the  standardization  of 
screw  threads  should  be  revised.  At  the  first  meeting  of  the 
Society  some  twenty-two  years  ago,  a  gentleman  who  is  in  the 
room  brought  up  this  question.     At  that  time  we  did  not  have 
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instruments  measuring  nrJira  P^^t  of  an  inch.  Every  blacksmith 
had  a  lathe  to  turn  out  a  tap,  and  had  his  own  gauge.  We  have 
here  in  the  room  a  gentleman  who  brought  up  this  question  at 
that  time,  and  there  has  never  been  any  attempt  since  then  up  to 
this  time  to  revise  this  standard.  I  am  heartily  in  favor  of  it.  I 
would  like  to  hear  from  the  gentleman  who  brought  forward  the 
proposition  to  standardize  screw  threads  at  that  first  meeting,  Mr. 
George  R.  Stetson,  of  Xew  Bedford. 

Mr.  Stetson. — This  is  getting  to  be  a  matter  of  ancient  history, 
to  go  back  to  the  commencement  of  this  Society  and  to  consider 
this  subject;  at  the  same  time,  in  my  efforts  to  establish  some 
standards,  with  the  fraternity,  on  that  work,  I  ran  against  a  great 
many  snags.  With  the  greatest  care  at  one  time  I  manufactured 
a  set  of  standards  and  standard  tools,  and  took  them  to  one  of  the 
largest  manufacturers  of  bolts  in  the  United  States.  He  had 
complained  of  the  variation  of  sizes.  I  thought  I  would  have  him 
on  one  set  of  tools  that  I  had  exliausted  my  ability  in  making 
right.  A^ery  much  to  my  mortification,  when  I  got  there  he  said 
the  proper  way  to  do  that  thing  was  to  go  in  and  get  a  bolt. 
Well,  he  did  so.  He  brought  in  a  bolt  which  he  had  cut  in  his 
shop.  It  was  but  a  very  little  while  before  I  was  floored.  My 
nice  tools  were  side-tracked.  What  was  the  matter  I  did  not 
know.  They  were  good  enough  at  home.  They  would  iuter- 
cliange  at  home.  They  were  ground  out  finely.  I  happened  to 
have  brought  along  in  my  jjocket  a  little  measuring  tool  which  was 
made  from  an  accurately  cut  thread,  so  that  it  measured  the 
distance  in  2  inches  of  the  threads,  and  I  dropped  that  into  the 
thread  which  he  had  brought  in  from  his  shop  to  test  the  tools  by, 
and  I  found  that  he  had  been  cutting  that  bolt  with  a  dull  die 
and  had  drawn  the  thread  one-half  of  its  length  in  2  inches,  so 
that  he  had  a  fractional  thread  to  try  my  work  on.  So  after  you 
have  gone  to  work  on  this  matter  of  standardizing  the  tools  you 
^\•ill  have  to  have  the  committee  go  back  to  standardize  the  thread 
that  is  made  with  the  tools  used  by  the  screw  manufacturers. 
Tliat  will  be  where  you  will  run  against  the  trouble  that  I  struck. 
Tt  is  a  fact  that  in  making  the  screws  ■w'ith  great  rapidity,  if  the 
solid  die  gets  dull  the  thread  is  drawn  and  you  get  a  fractional 
tliread,  and  trouble. 

Going  back  a  little  farther  in  ancient  history,  to  the  commence- 
ment of  tlic  war,  I  had  considerable  to  do  with  making  screws  to 
interchange  with  the  government  standards;   that  was  a  thing 
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which  the  government  was  weak  on  at  that  time,  and  I  presume  is 
to-day — to  make  screws  that  will  interchange  in  their  gun  work. 
It  frequently  happens  that  in  the  manufacture  of  screws  they 
fail  to  fit  the  gauge.  You  will  find  that  all  through,  but  that 
is  no  excuse  for  not  making  matters  better;  only  look  out  for  the 
defects  in  the  manufacture  of  screws. 

Mr.  Wilfred  Lewis. — I  want  to  say  that  some  years  ago  I  made 
an  examination  of  the  question  of  pitches  at  the  instance  of  Mr. 
William  Sellers,  the  originator  of  the  system.  In  order  to  include 
all  sizes  he  obtained  from  the  manufacturers  and  users  of  small 
screws  the  pitches  which  were  then  in  use,  and  handed  them  to  me 
with  instructions  to  develop  a  formula  which  would  cover,  if  pos- 
sible, not  only  the  United  States  Standard  sizes,  but  also  as  nearly 
as  possible  all  the  screw  sizes  which  were  then  in  current  use. 
Unfortunately,  at  the  time  the  Sellers  system  was  inaugurated, 
no  screws  below  ^  of  an  inch  in  diameter  were  considered  in  the 
list  of  standard  sizes,  and  when  the  standard  formiila  is  applied 
to  smaller  screws,  the  pitches  indicated  by  it  are  found  to  be  too 
coarse.  Indeed,  the  jiitch  of  the  standard  ^-inch  screw  is  generally 
admitted  to  be  too  coarse,  and  many  taps  and  dies  for  this  size  are 
now  made  24  threads  to  the  inch  instead  of  20.  So  I  found  that 
the  Sellers  formula  was  not  desig-ned  or  adapted  to  cover  a  com- 
plete range  of  sizes  from  zero  on  the  one  hand  to  the  largest  sizes 
met  with  in  practice.  It  covers  very  well  all  sizes  above  ^  inch, 
but  as  the  diameter  decreases  the  pitches  become  proportionately 
coarser,  and  finally  inadmissible.  For  example,  if  we  make  d  =  0 
in  the  Sellers  formulaj)>=  .24^^-1-. 625  —  .175,  we  have  y5=.0146, 
which  is  a  very  large  pitch  for  so  small  a  screw,  and  it  is  evident 
that  in  any  formula  of  general  application  we  must  have  p  =  0 
when  d  =  0. 

Mr.  Bond  has  suggested  a  change  in  the  coefficient  .24  making 
it  .23  with  some  improvement  in  results,  but  applying  this  limit 
test  to  the  Bond  formula  p  —  .2SVd  +  .625  —  .175  we  find  when 
d  =  0,  thatj9=  .0064. 

This  formula  develops  material  changes  in  the  pitches  of  large 
screws  and  fails  utterly  to  meet  the  requirements  of  very  small 
ones.  In  support  of  this  statement  I  would  refer  to  Table  II  of 
the  paper  under  discussion,  where  the  proper  ijitch  for  a  screw 
.05  inch  diameter  is  given  as  72  threads  per  inch.  Now,  I  contend 
tliat  this  pitch  is  far  too  coarse  for  so  small  a  screw,  as  may  readily 
be  seen  when  magnified  to  1  inch  diameter.    When  so  magnified 
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we  have  .05  x  72  =  3.G  threads  per  inch,  as  against  8  threads  on 
the  1-inch  standard,  and  the  root  diameter  is  reduced  by  the  coarse 
thread  to  about  .64  of  the  outside  diameter,  thus  making  the  area 
of  the  root  section  only  about  .4  that  of  the  original  section.  A 
screw  proportioned  in  this  way  would  be  valueless  as  a  binding 
screw  and  of  doubtful  iitility  for  other  jjurposes. 

There  may  be  good  reasons  for  making  small  screws  relatively 
■coarser  in  jaitch  than  large  ones,  but  there  is  certainly  a  Umit  below 
^vhich  the  number  of  threads  per  diameter  should  not  be  reduced, 
and  I  believe  the  standard  5-inch  bolt  marks  that  limit  at  5  threads 
per  diameter.  Tliis  makes  a  bolt  liable  to  jar  loose  on  slight  prov- 
ocation, and  its  strength  is  very  much  impaired  by  the  coarseness  ^ 
of  the  thread.  Six  threads  per  diameter  would  be  better  for  the 
g^-inch  size,  but  5  might  be  tolerated  as  a  limit  for  very  small 
sizes,  and  from  an  examination  of  the  data  collected  by  Mr.  Sellers 
I  found  5  threads  per  diameter  to  be  the  actual  practical  limit 
below  which  very  few,  if  any,  manufacturers  of  small  screws  ven- 
tured to  go.  The  problem  which  I  had  before  me  was,  therefore, 
to  retain  as  many  as  possible  of  the  standard  pitches  in  a  formula 
which  would  agree  at  the  same  time  with  the  average  practice 
in  very  small  sizes,  and  after  many  trials,  I  found  that  the 
expression  giving  the  best  general  results  could  be  written 
p=.22-^/d  +  .25—.ll.  This  is  of  the  same  general  form  as  the 
original  Sellers  formula,  and  the  pitches  indicated  by  it  coincide 
closely  with  the  Sellers  pitches  for  all  sizes  from  G  inches  down  to 
^  inch  or  f  inch.  It  increases  the  niunber  of  threads  on  ^-inch 
screws  from  20  to  24  as  required  by  modern  practice,  and  it  agrees 
closely  with  the  practice  of  watchmakers  and  others  using  very 
small  screws  even  to  the  limit  of  making  p  =  0  when  d=  0. 

Mr.  John  Bidden. — Mr.  J.  F.  Madgett,  chief  inspector  of  the 
General  Electric  Co.'s  works  at  Schenectady,  who  has  had  a  vast 
amount  of  experience  with  machine  screws,  purchased  from  screw 
manufacturers,  has  given  the  matter  a  great  deal  of  personal  at- 
tention, and  together  we  would  offer  the  following  suggestions  for 
the  consideration  of  the  Committee  which  is  to  consider  this  matter. 

First. — In  view  of  the  proposed  change  from  our  present 
standard  of  measurements  to  the  metric  system,  would  it  be  wise 
to  make  any  change  in  the  standards  for  machine  screws  until  this 
matter  is  definitely  settled,  as,  if  the  changes  are  made  at  this 
time  and  the  metric  system  comes  into  effect  some  time  in  the  near 
future,  will  it  not  be  necessary  to  go  over  the  whole  matter  of 
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standards  to  make  them  conform  to  the  metric  system  of  measure- 
ments ? 

Second. — We  do  not  see  the  necessity  of  carrying  the  machine 
screw  list  above  |  of  an  inch,  as  we  now  have  the  United  States 
Standard,  which  starts  at  ^  inch,  and  appears  to  be  entirely  satis- 
factory for  every  purpose. 

Eeferring  to  table  No.  1  of  Mr.  Tyler's  paper,  in  the  column 
under  the  standard  of  number  of  threads  per  inch,  I  notice  that  the 
number  of  threads  is  repeated  in  two  instances,  giving  the  same 
number  of  threads  per  inch  for  two  different  diameter  numbers. 
Carrying  out  the  suggestion  of  starting  at  ^  inch,  the  number  of 
threads  per  inch  are  as 

Proposed  by  Mr.   Tyler :  We  would  propose : 


.250  

24 

.250  

24 

.220  

28 

.220  

26 

.200  

30 

.200  

28 

.180  

32 

.180  

30 

.165  

32 

.165  

32 

.150  

36 

.150  

........  36 

.135  

40 

.135  

38 

.125  

40 

.125  

40 

.110  

44 

.110  

44 

.100  

48 

.100  

48 

.090  

52 

.090  

52 

080 

.56 

.080  

.070  

56 

.070  

60 

60 

.060  

64 

.060  

64 

.050  

72 

.050 

72 

This  will  keej)  each  number  separate  and  distinct,  giving  each 
one  a  number  of  threads  per  inch  of  its  own. 

The  matter  of  gauges  suggested  by  Mr.  Tyler  seems  to  cover 
the  ground  very  thoroughly,  as  does  also  the  limits  of  variations, 
as  shown  in  table  No.  5. 

There  is  one  other  important  matter  which  has  not  been  men- 
tioned in  connection  with  machine  screw  standards,  and  that  is 
the  matter  of  heads,  no  two  manufacturers  making  heads  of  the 
same  shapes  and  diameters.  Large  consumers  of  screws  have  a 
great  deal  of  trouble  from  this  cause,  and  a  great  many  attempts 
have  been  made  to  have  the  evil  corrected,  but  without  any  success. 

Herewith  are  several  cuts,  which  will  show  clearly  what  we  now 
get  from  the  different  manufacturers  (Figs.  203-265)  and  what 
has  been  proposed  for  standard  (Figs.  266-268)  for  two  sizes;  this, 
however,  is  merely  a  suggestion  and  may  be  of  some  assistance  to 
your  Committee. 
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To  a  concern  like  the  General  Electric  Co.,  which  handles 
44,235,000  screws  per  year,  the  matter  of  machine  screw  standards 
becomes  a  very  annoying  one  under  the  jjresent  system,  or  lack  of 
system,  of  manufactTiring  them. 

Mr.  C.  C.  Tyler* — The  main  object  in  presentingthis  paper  was 
to  develop  a  sufficient  degree  of  interest  in  the  subject  to  warrant 
tlie  ajijiointment  of  a  committee  to  consider  the  standardization  of 
small  machine  screw  thread  sizes,  and  the  action  taken  by  the 
Society  is  therefore  most  gratifying. 

The  adoption  of  the  United  States  Standard  sizes  for  bolts,  mits, 
and  screws  threads,  for  diameters  ^  inch  and  larger,  has  been  so 
general  by  the  progressive  firms  of  the  country  engaged  in  mechan- 
ical engineering  work  that  it  seems  desirable  to  limit  the  scope 
of  the  Committee's  work  to  those  sizes  of  machine  screws  ^  inch 
and  smaller  in  diameter.  To  change  the  present  gauge  sizes  above 
5  inch  in  diameter  would  necessitate  an  expenditure  which  is 
liardly  warranted,  particularly  if  the  only  reason  for  the  change 
is  to  make  the  pitches  of  these  sizes  conform  to  a  new  formula. 

*Aat!ior's  closure,  under  tlie  Rules. 
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No.  945.» 

SPEGIFIGATIONS  FOR  STEEL  FORGINGS,  STEEL  CAST- 
INGS AND  STEEL  BOILER  PLATES. 

BY  WILLIAM   R.   WEBSTER,  PHILADELPHIA. 

(Member  of  the  Society.) 

1.  At  the  request  of  the  Secretaiy,  I  am  submitting  as  a 
matter  of  information  to  this  Society,  the  specifications  for  Steel 
Castings,  Forgings,  and  Boiler  Plate  of  the  American  Section  of 
the  International  Association  for  Testing  Materials.  These  speci- 
fications were  prepared  by  their  Committee  No.  1,  and  as  "  pro- 
posed specifications,"  they  have  been  widely  discussed  during  the 
past  two  years.  At  the  annual  meeting  of  the  American  Section, 
in  June  last,  at  Niagara,  these  specifications  were  adopted  as 
their  standards,  but  no  attempt  has  been  made  to  put  them  in 
general  use. 

2.  The  course  which  has  been  followed  with  the  rail  specifica- 
tions will  be  pursued  with  these.  The  rail  specifications  were 
brought  up  for  discussion  by  the  "  Committee  on  Rail "  of  the 
American  Railway  Engineering  and  Maintenance  of  Way  Asso- 
ciation at  their  annual  meeting  in  Chicago,  March,  1901,  and  at 
their  annual  meeting  this  year,  were  adopted  with  some  impor- 
tant modifications.  The  next  step  will  be  to  refer  these  modifica- 
tions to  Committee  No.  1  of  the  American  Section,  who  will 
report  on  the  same  at  their  annual  meeting  at  Atlantic  City,  June 
12,  13  and  14,  when  the  modifications  will  no  doubt  be  accepted. 
All  the  members  of  the  other  committees,  or  interested  members 
of  the  other  societies,  who  have  considered  these  specifications, 
will  be  invited  to  be  present,  and  take  part  in  the  discussion. 
In  this  way  a  good  representative  standard  rail  specification  will 
be  obtained. 

3.  With  this  explanation,  these  specifications  are  offered  for  con- 

*  Presented  at  the  Boston  meeting  (May,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Transactions. 
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sideration  and  discussion.  In  order  to  bring  out  a  good  discussion 
on  each  of  these  specifications,  other  members  of  Committee  No. 
1  will  write  short  papers  bearing  on  the  most  important  points. 

4.  The  subject  is  one  of  the  greatest  importance  to  all,  and  I  know 
of  no  set  of  men  who  are  more  interested  than  our  members,  in 
securing  good,  sound,  reliable  steel  castings,  forgings,  and  boiler 
plates.  I  trust  that  the  discussion  will  result  in  a  committee  being 
appointed  on  specifications,  in  order  that  the  American  Society  of 
Mechanical  Engineers  may  do  its  part  of  the  work,  and  assert  its 
influence  in  putting  into  final  shape  these  specifications  for  general 
use  in  this  country.  In  work  of  this  kind  one  society  can  be  of 
great  service  to  another  without  any  actual  connection  between 
them. 


STANDARD  SPECIFICATIONS  FOR   STEEL  FORGINGS. 
Process  of  MAUTrFACTURE. 

1.  Steel  for  forgings  may  be  made  by  the  open-hearth,  crucible,  or  Bessemer 
process. 

Chemical  Properties. 

2.  There  will  be  four  classes  of  steel  forgings  which  shall  conform  to  the 
following  limits  in  chemical  composition  : 


Per  cent. 

Phosphorus  shall  not  exceed 0.10 

Snlphur  "  0.10 

Nickel  "  


.=  15  So 

Per  cent. 

Per  cent. 

Per  cent. 

O.UC 

0.04 

0.04 

0,06 

0.04 

0.04 





3.00-4.00 
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Physical  Propebtieb. 

Tenmle.  Teats. 

3.  The  minimum  physical  qualities  required  of  the  difEerent  sized  forgings  of 
each  class  shall  be  as  follows  : 


Pounds  per 
square  inch. 
58,000    29,000 


75,000 

37,500 

Elaelic 
limit. 

18 

30 

80,000 

40,000 

32 

35 

76,000 

37,500 

23 

35 

70,000 

35,000 

24 

30 

90.000    55,000        20    45 


°  Soft  Steel  or  Low  Carbon  Steel. 

er 

nt.  For  solid  or  hollow  forgiogs,  no  diameter  or  thickness  of  section 

35  to  exceed  10  inchet*. 

Carbon  Steel  Not  Annealed. 
For  solid  or  hollow  forgings,  no  diameter  or  thickness  of  section 
to  exceed  10  inches. 

Carbon  Steel  Annealed. 

For  solid  or  hollow  forgings,  no  diameter  or  thickness  of  section 
to  excefd  10  inches. 

For  solid  forgings,  no  diameter  to  exceed  20  inches  or  thickness  of 
section  15  inches. 

For  solid  forgings,  over  20  inches  diameter. 

Carbon  Steel,  Oil  Tempered. 
For  solid  or  hollow  forgings,  no  diameter  or  thickness  of  section 
to  exceed  3  inches. 


Pounds  per 

square  inch. 

85,000  50,000 


80,000  45,000 

80,000  45,0(XI 


90,000  60,00<1 


85,000  55,000 


i.S   o  o  Carbon  Steel,  Oil  Tempered, 

Per  For  solid  forgings  of  rectangular  sections  not  exceeding 

cent.  6  inches  in  thickness,  or  hollow  forgings,  the  walls  of 

2       45       which  do  not  exceed  6  inches  in  thickness. 

For  solid  forgings  of  rectangular  sections  not  exceeding 
10  inchCo   in  thickness,  or  hollow  forcings,  the  wails  of 
i       40       which  do  not  exceed  10  inches  in  thickness. 

Nickel  Steel,  Annealed. 
For  solid  or  hollow  forgings,  no  diameter  or  thickness  of 
5        45        section  to  exceed  10  inches. 

For  solid  forgings,   no  diameter  to  exceed  20  inches  or 
5        45        thickness  of  section  15  inches. 
1        40  For.^olid  forgings,  over  30  inches  diameter. 

Nickel  Steel,  Oil  Tempered. 
■hollow  forgings,  no  diameter  or  thickness  of 


olid 


Fort 
section  to  exceed  3  inches. 

For  solid  forgings  of  rectangular  sections  not  exceeding 
6  inches  in  thickness,  or  hollow  forgings,  the  walla  of 
which  do  not  exceed  G  inches  in  thickness. 

For  solid  forgings  of  rectangular  sections  not  exceeding 
10  inches  in  thickness,  or  hollow  forgings,  the  walls  of 
which  do  not  exceed  10  inches  in  thickness. 
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Balding  Test. 

4.  A  specimen  one  incli  by  one-half  inch  (1  inch  x  J  inch)  shall  bend  cold  180 
degrees  without  fracture  on  outside  of  lient  |)ortion.  as  follows  : 

Around  a  diameter  of  one-half  inch,  for  forgings  of  soft  steel. 

Around  a  diameter  of  one  and  one-half  inches,  for  forgings  of  carbon  steel  not 
annealed. 

Around  a  diameter  of  one  and  one-half  inches,  for  forgings  of  carbon  steel 
annealed,  if  twenty  inches  in  diameter  or  over. 

Around  a  diameter  of  one  inch,  for  forgings  of  carbon  steel  annealed,  if  under 
twenty  inches  diameter. 

Around  a  diameter  of  one  inch,  for  forgings  of  carbon  steel  oil-tempered. 

Around  a  diameter  of  one-half  inch,  for  forgings  of  nickel  steel  annealed. 

Aiound  a  diameter  of  one  inch  for  forgings  of  nickel  steel  oil-tempered. 


Test  Pieces  and  Methods  of  Testing. 

Test  Specimen  for  Tensile  Test. 

5.  The  standard  turned  test  specimen,  one-half  inch  (|  inch)  diameter  and  two 
inch  ('2  inch)  gauged  length,  shall  be  used  to  determine  the  physical  properties 
specified  in  paragraph  No.  3.     It  is  shown  in  the  following  sketch  ; 


Fio.  269. 


Number  and  Location  of  Tensile  Speeimem. 

6.  The  number  and  location  of  test  specimens  to  be  taken  from  a  melt, 
blow,  or  a  forging,  shall  depend  upon  its  character  and  importance,  and  must, 
therefore,  be  regulated  by  individual  cases.  The  test  specimens  shall  be  cut  cold 
from  the  forging  or  full-sized  prolong.ition  of  same  parallel  to  the  axis  of  the 
forging,  and  half  way  between  the  centre  and  outside,  the  specimens  to  be  longi- 
tudinal, i.e.,  the  length  of  the  specimen  to  correspond  with  the  direction  in 
which  the  metal  is  most  drawn  out  or  worked.  When  forgings  have  large  ends 
or  collars,  the  test  specimens  shall  be  taken  from  a  prolongation  of  the  same 
diameter  or  section  as  that  of  'he  forging  back  of  the  large  end  or  collar.  In  the 
case  of  hollow  shafting,  either  forged  or  bored,  the  cpecimeus   shall  be  taken 
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within  the  finished  section  prolonged,  half  way  between  the  inner  and  outer  sur- 
face of  the  wall  of  the  forging. 

Test  ^Specimen  for  Bending. 

7.  The  specimen  for  bending  test  one  inch  by  one-half  inch  (1  inch  x  i  inch) 
shall  be  cut  as  specified  in  paragraph  No.  6.  The  bending  test  may  be  made  by 
pressure  or  by  blows. 

Yield  Point. 

8.  The  yield  point  specified  in  paragraph  No.  3  shall  be  determined  by  the 
careful  observation  of  the  drop  of  the  beam,  or  halt  in  the  gauge  of  the  testing 
machine. 

Elastic  Limit. 

9.  The  elastic  limit  specified  in  paragraph  No.  3  shall  be  determined  by  means 
of  an  extensometer,  which  is  to  be  attached  to  the  test  specimen  in  such  manner 
as  to  show  the  change  in  rate  of  extension  under  uniform  rate  of  loading,  and  will 
be  taken  at  that  point  where  the  proportionality  changes. 

Sample  for  Chemical  Analysis. 

10.  Turnings  from  the  tensile  specimen,  or  drillings  from  the  bending  specimens 
or  drillings  from  the  small  test  ingot,  if  preferred  by  the  inspector,  shall  be  used 
to  determine  whether  or  not  the  steel  is  within  the  limits  in  chemical  compositon 
specified  in  paragraph  No.  2. 

Finish. 

11.  Forgings  shall  be  free  from  cracks,  flaws,  seams  or  other  injurious  imper- 
fections, and  shall  conform  to  dimensions  shown  on  drawings  furnished  by  the 
purchaser,  and  be  made  and  finished  in  a  workmanlike  manner. 

Inspection. 

12.  The  inspector  representing  the  purchaser  shall  have  all  reasonable  facilities 
afforded  to  him  by  tlie  manufacturer  to  satisfy  him  that  the  finished  material  is 
furnished  in  accordance  with  these  specifications.  All  tests  and  inspections  shall 
be  made  at  tbe  place  of  manufacture,  prior  to  shipment. 


STANDARD   SPECIFIOATIONS   FOR   STEEL    CASTINGS. 

Process  op  Manufacture. 

1.  Steel  for  castings  may  be  made  by  the  open-hearth,  crucible  or  Bessemer 
process.     Castings  to  be  annealed  or  unannealed  as  specified. 

Chemical  Properties. 
Ordinary  Castings. 

2.  Ordinary  castings,  those  in  which  no  physical  requirements  aro  specified, 
shall  not  contain  over  0.40  per  cent,  of  carbon,  nor  over  0.08  per  cent,  of  phos- 
phorus. 


SPECIFICATIONS    FOR    FORCINGS.    CASTINGS,    AND    BOILER    PLATES.    637 


Tested  Castings. 

3.  Castings  which  are  subjected  to  physical  test  shall  not  contain  over  0.05  per 
cent,  of  phosphorus,  nor  over  0.05  per  cent,  of  sulphur. 

Physical  Properties. 
Tentile  Tests. 

4.  Tested  Castings  shall  be  of  three  classes:  "hard,"  "medium,"  and 
"SOFT."      The   minimum  physical  qualities  required  in  each  class  shall  be  as 

follows  : 

Hard  Medium  Soft 

castings.  castings.  castinge. 

Tensile  strength,  pounds  per  square  inch 85,000  70,000  60,000 

Yield  point,  pounds  per  square  inch 38,250  31,500  27,000 

Elongation,  per  cent,  in  two  inches 15  18  22 

Contraction  of  area,  per  cent 20  35  30 

Drop  Teat. 

5.  A  test  to  destruction  may  be  substituted  for  the  tensile  test,  in  the  case  of 
sm&U  or  unimportant  castings,  by  seleciing  three  castings  from  a  lot.  This  test 
shall  show  the  material  to  be  ductile  and  free  from  injurious  defects,  and  suitable 
for  the  purpose  intended.  A  lot  shall  consist  of  aU  castings  from  the  same  melt 
or  blow,  annealed  in  the  same  furnace  charge. 

Percussive  Test. 

6.  Large  castings  are  to  be  suspended  and  hammered  all  over.  No  cracks, 
flaws,  defects,  nor  weakness  shall  appear  after  such  treatment. 

Bending  Test. 

7.  A  specimen  one  inch  by  one-half  inch  (1  inch  x  A  inch)  shall  bend  cold 
around  a  diameter  of  one  inch  (1  inch)  without  fracture  on  outside  of  bent  por- 
tion through  an  angle  of  120  degrees  for  "  soft  "  castings,  and  of  90  degrees  for 
"  MKDIDM  "  castings. 

Test  Pieces  and  Methods  op  Testing. 
Test  Specimen  for  Tensile  Test. 
8.  The  standard  turned  test  specimen,  one-half  inch  (i  inch)  diameter  and  two- 
inch  (2  inch)  gauged  length,  shall  be  used  to  determine  the   physical   properties 
specified  in  paragraph  No.  4.     It  is  shown  in  the  followiug  sketch  : 


-4jf^l  07.95- 
—27^^ — 57t15- 


1\        1        i. 


Fio    270. 


-^f— 
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Number  and  Location,  of  Tensile  Specimens. 

9.  The  number  of  standard  test  specimens  'Sliall  depend  upon  the  character 
and  importance  of  the  castings.  A  test  piece  shall  be  cut  cold  from  a  coupon  to 
be  moulded  and  cast  on  some  portion  of  one  or  more  castings  from  each  melt  or 
blow,  or  from  the  sink-heads  (in  case  heads  of  sufBcient  size  are  used).  The  cou- 
pon or  siiLk-head  must  receive  the  same  treatment  as  the  casting  or  castings, 
before  the  specimen  is  cut  out,  and  before  the  coupon  or  sink -head  is  removed 
from  the  casting. 

Test  Specimen  for  Bending. 

10.  One  specimen  for  bending  test  one  inch  by  one-half  inch  (1  inch  x  i  inch) 
shall  be  cut  cold  from  the  coupon  or  sink-head  of  the  casting  or  castings  as 
specified  in  paragraph  No.  9.  The  bending  test  may  be  made  by  pressure  or  by 
blow.s. 

Yield  Point. 

11.  The  yield  point  specified  in  paragraph  No.  4  shall  be  determined  by  the 
careful  observation  of  the  drop  of  the  beam  or  halt  in  the  guage  of  tlie  testing 

machine. 

Sample  for  Chemical  Analysis. 

12.  Turnings  from  the  tensile  specimen,  drillings  from  the  bending  specimen, 
or  drillings  from  the  small  test  ingot,  if  preferred  by  the  inspector,  shall  be  used 
to  determine  whether  or  not  the  steel  is  within  the  limits  in  phosphorus  and 
sulphur  specified  in  paragraphs  Nos.  2  and  3. 

Finish. 

13.  Castings  shall  be  true  to  pattern,  free  from  blemishes,  flaws,  or  shrinkage 
cracks.  Bearing  surfaces  shall  be  solid,  and  no  porosity  shall  be  allowed  in  posi- 
tions where  the  resistance  and  value  of  the  casting  for  the  purpose  intended,  will 
be  seriously  affected  thereby. 

Inspection. 

14.  The  inspector  representing  the  purchaser  shall  have  all  reasonable  fa- 
cilities afforded  to  him  by  the  manufacturer  to  satisfy  him  that  the  finished 
materinl  is  furnished  in  accordance  with  these  specifications.  All  tests  and  in 
spections  shall  be  made  at  the  place  of  manufacture  prior  to  shipment. 

STANDARD  SPECIFICATIONS  FOR  OPEN-HEARTH  BOILER  PLATE. 
Process  op  Manupactdre. 

1.  Steel  shall  be  made  by  the  open -hearth  process. 

Chemical  Properties. 

2.  There  shall  be  three  classes  of  open-hearth  boiler  plate  and  rivet  steel, 
namely  :  flange  or  boiler  stkki,,  fire  box  steel  and  extra  soft  steel, 
which  shall  conform  to  the  following  limits  in  chemical  composition  : 

Flange  or  Fire  box  Eitra  eoft 

Boiler  steel.  steel.  steel. 

Per  cent.  Per  cent.  Per  cent. 

_,       .             V  11      .           A                                      (Acid   0.06  Acid   0.04  „  „. 

Phosphorous  shall  not  exceed j  Basic  0.04  Basic  0.03  "■"* 

Sulphur  shall  not  exceed 0.05  0.04  0.04 

Manganese 0..30to0.60  0.30  to  0.50     0.30  to  0.50 
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Boiler  Rivet  Steel. 

3.  Steel  for  boiler  rivets  shall  be  of  the  extra  soft  class  as  specified  in  para- 
graphs Nos.  2  and  4. 

Physical  Properties. 

Tensile  Tests. 

4.  The  three  classes  of  open-hearth   boiler   plate  and   rivet  steel,  namely: 

FLANGE  OU  BOILER   STEEL,  FIRE  BOX   STEEL   and    BXTUA    SOFT   STEEL,  shall   Con- 
form to  the  following  physical  qualities  : 

Flange  or  Fire  box  Extra  soft 

boiler  steel,  steel.  steel. 
Tensile  strength,  pounds  per  square  inch . . .   5.5,000  to  65,000         52,000  to  63,000       46,000  to  55,000 
Yield  point,  in  pounds  per  square  inch  shall 

not  be  less  than J  T.  S.  5  T.  S.  5  T.  S. 

Elongation,  per  cent,  in  eight  inches  shall 

not  be  less  than 25  26  28 

Modification)  in  elongation  for  thin  and  thick  material. 

5.  For  material  less  than  five-sixteenth  inch  (i\  inch),  and  more  than  three- 
fourths  inch  (J  inch)  in  thickness,  the  following  modifications  shall  be  made  in 
the  requirements  for  elongation  : 

(a)  For  each  increase  of  one-eighth  inch  (\  inch)  in  thickness  above  three- 
fourths  inch  (I  inch),  a  deduction  of  one  per  cent.  (1;?)  shall  be  made  from  the 
specified  elongation. 

(h)  For  each  decrease  of  one-sixteenth  inch  (j'j  inch)  in  thickness  below  five- 
sixteenths  inch  (,^0-  inch),  a  deduction  of  two  and  one-half  per  cent.  (3+^)  shall 
be  made  from  the  specified  elongation. 

Bending  Testi. 

6.  The  three  classes  of  open-hearth,  boiler  plate  and  rivet  steel  shall  conform 
to  the  following  bending  tests  ;  and  for  this  purpose  the  test  specimen  shall  be 
one  and  one-half  inches  (H  inch)  wide  if  possible,  and  for  all  material  three- 
fourths  inch  (f  inch)  or  less  in  thickness  the  test  specimen  shall  be  of  the  same 
thickness  as  that  of  the  finished  material  from  which  it  is  cut  ;  but  for  material 
more  than  three-fourths  inch  (f  inch)  thick,  the  bending  test  specimen  may  be 
one-half  inch  (\  inch)  thick  : 

Rivet  rounds  shall  be  tested  of  full  size  as  rolled. 

(c)  Test  specimens  cut  from  the  rolled  material  as  specified  above  shall  be 
subjected  to  a  cold  bending  test,  and  also  to  a  quenched  bending  test.  The  cold 
bending  test  shall  be  made  on  the  material  in  the  condition  in  which  it  is  to  be 
used,  and  prior  to  the  quenched  bending  test,  the  specimen  shall  be  heated  to  a 
light  cherry-red  as  seen  in  the  dark  and  quenched  in  water,  the  temperature  of 
which  is  between  80  degrees  and  90  degrees  Pahr. 

(d)  Flange  or  boiler  steel,  fire  box  steel  and  rivet  steel,  both  before  and  after 
quenching,  shall  bend  cold  one  hundred  and  eighty  degrees  (180°)  flat  on  itself 
without  fracture  on  the  outside  of  the  bent  portion. 

Homogeneity  Testt. 

7.  For  fire  box  steel  a  sample  taken  from  a  broken  tensile  test  specimen 
shall  not  show  any  single  seam  or  cavity  more  than  one-fourth  inch  (J  inch)  long 
in  either  of  the  three  fractures  obtained  on  the  test  for  homogeneity  as  described 
below  in  paragraph  13. 
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Test  Pieces  and  Methods  op  Testing. 
Test  Specimen  for  Tensile  Test. 

8.  The  standard  test  specimen  of  eight  inch  (8-inch)  gauged  length  shall  be 
used  to  determine  the  physical  properties  specified  in  paragraphs  Nos.  4  and  5. 
The  standard  shape  of  the  test  specimen  for  sheared  plates  shall  be  as  shown  by 
the  following  sketch : 


-3-76r20- 
About 


^ 


Parallel  Section 


not  less  than  9    228.Co" 


-18— 45-7T20-About- 


/25.4Q  to  76.20  Rad. 


PIECE  TO  BE  OF  SAME  THICKNESS  AS  THE  PLATE. 

Fig,  271. 


For  other  material  the  test  specimen  may  be  the  same  as  for  sheared  plates,  or 
it  may  be  planed  or  turned  parallel  throughout  its  entire  length  and,  in  all  cases 
where  possible,  two  opposite  .sides  of  the  test  specimens  shiill  be  the  rolled  sur- 
faces.    Kivet  rounds  and  small  rolled  bars  shall  be  tested  of  full  size  as  rolled. 


Nnmber  of  Tensile  Tests. 

9.  One  tensile  test  specimen  will  be  furnished  from  each  plate  as  it  is  roued, 
and  two  tensile  test  specimens  will  be  furnished  from  each  melt  of  rivet  rounds. 
In  case  any  one  of  these  develops  flaws  or  breaks  outside  of  the  middle  third  of 
of  its  gauged  length,  it  may  be  discarded  and  another  test  specimen  substituted 
therefor. 

Test  Specimens  for  Bending. 

10.  For  material  three-fourths  inch  {}  inch)  or  less  in  thickness,  the  bending 
test  specimen  shall  have  the  natural  rolled  surface  on  two  opposite  sides.  The 
bending  test  specimens  cut  from  plates  shall  be  one  and  one-half  inches  (lA  inches) 
wide,  and  for  material  more  than  three-fourths  inch  (f  inch)  thick  the  bending 
test  specimens  may  be  one-half  inch  (4  inch)  thick.  The  sheared  edges  of  bending 
test  specimens  may  be  milled  or  planed.  The  bending  test  specimens  for  rivet 
rounds  shall  be  of  full  .size  as  rolled.  The  bending  test  may  be  made  by  pressure 
or  by  blows. 

Number  of  Bending  Tests. 

11.  One  cold  bending  specimen  and  one  quenched  bending  specimen  will  be 
furnished  from  each  plate  as  it  is  rolled.  Two  cold  bending  specimens  and  two 
quenched  bending  speeimens  will  be  furnished  from  each  melt  of  rivet  rounds. 
The  homogeneity  test  for  fire  box  steel  shall  be  made  on  one  of  the  broken 
tensile  test  specimens. 
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Homogeneity  Teats  for  Fire  Box  Steel. 

13.  The  homogeneity  test  for  fire  box  steel  is  made  as  follows :  A  portion  of 
the  broken  tensile  test  specimen  is  either  nicked  with  a  chisel  or  grooved  on  a 
machine,  transversely  about  a  sixteenth  of  an  inch  (,V,  inch)  deep,  in  three  places 
about  two  inches  (2  inches)  apart.  The  first  groove  should  be  made  on  one  side, 
two  inches  (2  inches)  from  the  square  end  of  the  specimen;  the  second,  two  inches 
(2  inches)  from  it  on  the  opposite  side;  and  the  third,  two  inches  (3  inches)  from 
the  last,  and  on  the  opposite  side  from  it.  The  test  specimen  is  then  put  in  a  vise, 
with  the  first  groove  about  a  quarter  of  an  inch  (J  inch)  above  the  jaws,  care  being 
taken  to  hold  it  firmly.  The  projecting  end  of  the  test  specimen  is  then  broken 
off  by  means  of  a  hammer,  a  number  of  light  blows  being  used,  and  the  bending 
being  away  from  the  groove.  The  specimen  is  broken  at  the  other  two  grooves  in 
the  same  way.  The  object  of  this  treatment  is  to  open  and  render  visible  to  the  eye 
any  seams  due  to  failure  to  weld  up,  or  to  foreign  interposed  matter,  or  cavities 
due  to  gas  bubbles  in  the  ingot.  After  rupture,  one  side  of  each  fracture  is 
examined,  a  pocket  lens  being  used  if  necessary,  and  the  length  of  the  seams  and 
cavities  is  determined. 

Yield  Point. 

13.  For  the  purpose  of  this  specification,  the  yield  point  shall  be  determined 
by  the  careful  olj.servation  of  the  drop  of  tbe  beam  or  halt  in  the  gauge  of  the 
testing  machine. 

Sample  for  Ohemieal  Analyitis. 

14.  In  order  to  determine  if  the  material  conforms  to  the  chemical  limitations 
prescribed  in  paragraph  No.  3  herein,  analysis  shall  be  made  of  drillings  taken 
from  a  small  test  ingot.  An  additional  check  analysis  may  be  made  from  a  tensile 
specimen  of  each  melt  used  on  an  order,  other  than  in  locomotive  fire  box  steel. 
In  the  case  of  locomotive  fire  box  steel,  a  check  analysis  may  be  made  from  the 
tensile  specimen  from  each  plate  as  rolled. 

Vabiation  in  Wetght. 

15.  The  variation  in  cross  section  or  weight  of  more  than  34  per  cent,  from 
that  specified  will  be  sufllcient  cause  for  rejection,  except  in  the  case  of  sheared 
plates,  which  will  be  covered  by  the  following  permissible  variations  : 

(e)  Plates  12A  pounds  per  squ:ire  foot  or  heavier,  up  to  100  inches  wide,  when 
ordered  to  weight,  shall  not  average  more  than  2+  per  cent,  variation  above  or  2J 
per  cent,  below  the  theoretical  weight.  When  100  inches  wide  and  over,  5  per 
cent,  above  or  5  per  cent,  below  the  theoretical  weight. 

(/)  Plates  under  12+  pounds  per  square  foot,  when  ordered  to  weight,  shall 
not  average  a  greater  variation  than  the  following  : 

Up  to  7.1  inches  wide,  2J  per  cent,  above  or  2|  per  cent,  below  the  theoretical 
weight  75  inches  wide  n\>  to  100  inches  wide.  5  per  cent,  above  or  3  per  cent. 
below  the  theoretical  weight.  When  100  inches  wide  and  over,  10  per  cent,  above 
or  3  per  cent,  below  the  theoretical  weight. 

******* 

(^r)  For  all  plates  ordered  to  g.iuge,  there  will  be  permitted  an  average  excess 
of  weight  over  that  corresponding  to  the  dimensions  on  the  order  equal  in 
amount  to  that  specified  in  the  following  table  : 
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Table  of  Allowances  for  Overweight  for  Rectangular  Plates  When  Ordered  to 
Gauge. 

Plates  will  be  considered  up  to  gauge  if  measuring  not  over  yjfj  inch  less  thjiu  the  ordered 
gauge. 

The  weight  of  1  cubic  inch  of  rolled  steel  is  assumed  to  be  0.2833  pound. 

Plates  I  inch  and  over  in  thickness. 
Width  of  plate. 


Thickness  of  plate. 

Up  to  75  inches. 

75  to  100 

nchcs. 

Over  100  inches. 

Inch. 

Per  cent. 

Per  cent. 

Per  cent. 

i 

10 

14 

18 

A 

8 

12 

16 

» 

7 

10 

13 

i'. 

6 

8 

10 

i 

5 

7 

9 

A 

41 

6i 

8t 

t 

4 

6 

8 

Over  J 

3i 

5 

6i 

Plates  binder  i  inch  in  thicknesss. 
Width  of  plate. 


Finish. 

16.  All  finished  material  shall  be  free  from  injurious  surface  defects  and 
laminations,  and  must  have  a  workmanliUe  finish. 

Branding. 

17.  Every  finished  piece  of  steel  shall  be  stamped  with  the  melt  number,  and 
each  plate,  and  the  coupon  or  test  specimen  cut  from  it,  shall  be  stamped  with  a 
separate  identifying  mark  or  number.  Rivet  steel  may  be  shipped  in  bundles 
securely  wired  together  with  the  melt  number  on  a  metal  tag  attached. 

Inspection. 

18.  The  inspector  representing  the  purchaser  shall  have  all  reasonable  facilities 
aflorded  to  him  by  the  manufacturer  to  satisfy  him  that  the  finished  material  is 
furnished  in  accordance  with  these  specifications.  All  tests  and  inspectioBS 
shall  be  made  at  the  place  of  manufacture,  prior  to  shipment. 


DISCUSSION. 

Mr.  H.  II.  Svplee. — I  should  like  to  ask  Mr.  Welistcr  in  his 
closure  to  state  if  these  specitic'ations  have  been  presented  to  the 
International  Association  at  either  of  their  general  conventions, 
or  if  they  have  been  discussed  only  on  this  side  of  the  Atlantic? 

Mr.  Gus.  C.  Henning. — The  specification  now  presented  to  our 
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Society  for  discussion  are  two  of  a  set  of  ten  oifered  as  standard 
international  specitications  f»r  all  materials  having  the  element 
iron  as  a  base,  proposed  by  the  American  branch  of  an  Interna- 
tional Committee,  aiDpoiuted  by  the  International  Association  for 
Testinsr  ilaterials.* 


Clasmficatlon  of  Specifications. 

In  passing  to  a  discussion  of  these  specification  in  detail,  I 
wish  to  state  most  emphatically  that  I  am  heartily  in  sympathy 
with  the  effort  to  establish  Standard  International  Specifications, 
and  also  that  I  have  never  opposed  such  work  in  any  manner 
whatsoever,  but  did  everything  in  my  power  since  1895  to  bring 
about  sucli  a  result  which  would  be  of  great  benefit  to  producers 
and  engineers  alike. 

But  in  order  to  be  clear  I  must  define  what  I  consider  to  be  a 
specification  of  which  there  may  be  three  classes. 

(1.)   Specifications  in  General. 

(2.)  Standard  Specifications. 

(3.)  Standard  International  Specifications. 

1.  A  Specification  is  a  document  used  in  commerce  which  shoidd 
clearly  define  the  qualities  of  materials  to  be  supplied  by  the  pro- 
ducer ;  the  tests  which  shall  be  applied  for  the  determination  of  the 
qualities  of  the  material  produced ;  and  the  methods  which  shall 
be  used  to  determine  that  all  materials  furnished  shall  possess 
such  qualities,  shape  and  finish  as  are  prescribed.  The  terms 
used  in  such  documents  must  be  applied  in  accordance  with  their 
strict  technical  definitions  as  iised  by  those  most  conversant  with 
them,  and  the  language  should  be  of  such  accuracy  that  there  can 
be  but  a  single  interpretation  of  each  and  every  clause.  A 
specification  becomes  a  part  of  a  contract  and  should  be  legally 
perfect  and  accurate.  Inaccuracy  of  definition  and  diction  have 
given  endless  cause  for  misunderstanding  and  lawsuits,  and 
should  be  avoided. 

2.  A  Standard  Specification  is  one  in  which  the  requirements 
have  in  every  case  lieen  Iiased  on  the  best  current  practice  adopted 

*  In  view  of  a  disposition  on  tlie  part  of  the  members  of  the  Society  to  have 
the  subject  of  Specifications  for  Forgings,  etc.,  referred  to  a  Special  Committee, 
the  Publication  Committee  have  directed  the  omission  from  the  Discussion  of  mat- 
ters which  do  not  bear  directly  upon  the  technical  questions  raised  by  the  paper. 
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by  the  recognized  authorities,  and  which  has  given  nuiformly 
satisfactory  results  when  carried  out. 

3.  A  Standard  International  Specification  is  one  which  com- 
plies with  the  above  requirements,  but  is  also  based  on  the  best 
practice  obtaining  in  all  countries  as  enunciated  by  authorities  in 
them. 

The  latter  class  is  that  which  concerns  us  at  this  time,  because 
the  subject  under  discussion  was  inaugurated  under  international 
auspices  and  is  proposed  for  international  adoption.  They  can- 
not, therefore,  ignore  European  practice,  but  should  make  full 
allowance  therefor,  and  be  based  on  the  present  state  of  the  art 
of  making  steel  and  of  the  science  of  testing  materials  as  enun- 
ciated by  European  authorities  who  are  the  recognized  leaders. 

These  specifications  are  wanting  in  many  respects;  they  pre- 
scribe some  material  which  should  not  be  used  in  any  case,  specify 
test-pieces  and  methods  of  testing  which  are  unreliable  and  do  not 
give  accurate  knowledge.  Methods  of  inspection  are  practically 
omitted  altogether. 

Their  worst  characteristic  is,  however,  the  fact  that  in  many 
points  they  are  directly  opposed  to  the  interests  of  the  prochicer, 
and  must  cause  the  rejection  of  much  material  which  should  be 
entirely  satisfactory,  and  which  would  fill  the  requirements  when 
subjected  to  correct  tests. 

The  test-pieces  and  methods  of  testing  prescribed  are  those 
which  were  in  common  use  in  tliis  country  twenty-five  years  ago, 
and  I  regret  that  European  engineers  have,  by  these  specifications, 
been  led  to  believe  that  we  have  learned  nothing  in  this  matter 
during  a  whole  generation. 

I  shall  now  proceed  to  prove  the  above  assertions  whicli  may 
appear  too  condemnatory  to  many  engineers.  While  the  physical 
properties  prescribed  in  Paragraph  3  may  be  general  satisfactory, 
there  are  two  criticisms  to  offer: 

First. — The  various  grades  of  steel  are  not  sufficiently  qualified 
to  insure  that  one  or  the  other  will  be  accepted,  because  it  is 
nowhere  defined  between  which  limits  of  strength  or  ductility 
each  grade  shall  lie.  This  criticism  applies  to  all  of  the  specifica- 
tions. 

Second. — The  specification  of  a  yield  ])oint  of  29,000  and  mini- 
mum tenacity  of  58,000  lbs.  per  square  inch  for  forged  steel,  is 
so  low  that  none  but  very  jwor  steel  will  show  such  results.  It  Avill 
be  noticed  that  in  the  case  of  some  of  these  forged  steels  the  yield 
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point  is  specified,  while  in  others  it  is  the  elastic  limit;  but  this 
matter  will  be  taken  up  later. 

In  Paragraph  4  a  specimen  for  bending  test  1  by  ^  inch  is 
prescribed,  only  two  dimensions  being  given,  and  hence  it  is  per- 
missible to  interpret  this  clause  at  pleasure.  As  the  length  of  a 
bending  test  specimen  affects  the  result  of  a  test,  it  is  imperative  to 
state  this  as  well,  and  the  omission  thereof  is  inexcusable.  It  is 
further  stated  that  "  this  specimen  .  .  .  shall  bend  around  a 
diameter,"  and  that  the  test  may  be  made  (Paragraph  7)  by  "  pres- 
sure, or  by  blows."  It  is  not  stated  that  the  specimen  shall  be  bent 
around  a  bar,  pin,  or  plug  of  a  certain  radius  of  curvature, 
but  merely  bent  around  the  abstract  idea  of  a  "  diameter." 
Now,  it  makes  a  great  difference  in  results  whether  such 
piece  of  material  has  been  bent  free,  or  around  a  resisting 
object  of  definite  ciirvature,  and  the  latter  will  be  a  more 
favorable  test  and  one  which  the  producer  should  demand. 
Bending  free  does  not  bend  the  material  to  any  definite  curva- 
ture, but  to  any  kind  of  irregular  shape,  frequently  producing 
a  sharp  kink  at  centre.  Again,  it  has  been  demonstrated 
that  bending  material  by  "  blows  "  is  most  unreliable  and  has 
frequently  caused  unwarranted  rupture.  This  procedure  is  again 
directly  against  the  interests  of  the  producer.  In  order  to  make 
a  satisfactory  bending  test  which  will  give  reliable  information, 
it  is  necessary  to  use  a  test-piece  of  proper  shape  and  length,  and 
then  to  bend  it  slowly  aroimd  a  resisting  object  of  prescribed  cur- 
vature. This  alone  will  truly  characterize  the  material  and  be  a 
test  fair  to  the  producer.  Machines  for  this  purpose  have  long  been 
in  the  market.  Any  other  bending  test  should  be  shunned.  On  the 
continent  of  Europe  slow  bending  about  a  pin  or  plunger  of  defi- 
nite curvature  is  prescribed  almost  universally.  As  this  method 
may  appear  to  involve  additional  expense,  I  must  add  a  few  words 
about  the  cost  of  testing. 

The  testing  laboratory  in  all  works  should  be  as  profitable 
to  the  prodiicer  as  every  other  department  of  the  works.  There  is 
no  reason  why  he  should  make  tests  unless  the  cost  of  same  be  paid 
by  the  purchaser.  I  would  go  a  step  further  than  this  and  advo- 
cate that  all  material  cut  from  stock  for  the  purpose  of  obtaining 
test-pieces  should  be  charged  up  at  contract  price  against  the 
purchaser.  These  specifications  should  contain  such  a  clause. 
He  who  then  desires  to  know  his  material  thoroughly  will  pay 
somewhat  more  for  the  confidence  he  will  possess  in  his  material 
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than  the  one  who  accepts  it  on  the  face  value  of  an  attested  certif- 
icate of  tests  furnished  free  of  charge  by  the  producer.  On  the 
other  hand,  the  producer  will  make  a  profit  out  of  the  testing 
laboratory,  and  can  equip  one  of  sufficient  completeness  to  serve 
every  purpose,  and  this  at  the  cost  of  his  customers.  This  would 
be  the  only  just  and  equitable  manner  of  providing  for  proi^er 
testing  for  commercial  purjjoses. 

In  Paragraph  5  a  drawing  of  a  test-piece  showing  a  2-inch  gauge 
length  is  given  as  the  standard  test-piece  to  be  used.  While  such  a 
test-piece  is  not  used  in  any  other  country,  it  possesses  nearly  all 
the  bad  points  which  a  test-piece  could  possibly  have.  It  is  too 
short ;  it  is  affected  by  the  resistance  of  the  threads ;  and  the  results 
as  to  strength  are  affected  by  the  shoulders  between  thread  and 
gauge  point.  In  the  first  place,  the  cylindrical  part  should  be  con- 
tinued at  least  -j  inch  beyond  each  gauge-mark ;  then  this  should  be 
filleted  directly  to  the  threaded  shoulders.  Any  such  proximity  of 
shoulders  to  gauge  marks  as  shown  will  affect  extensions  and  re- 
sistance, and  in  a  manner  quite  indefinite,  depending  upon  the 
location  of  the  fracture.  Unless  fracture  occurs  at  the  precise 
centre  of  length,  the  extension  will  be  many  per  cent,  less  than 
should  be  credited  to  the  material. 

In  Paragraphs  8  and  9,  the  methods  for  determining  "  yield 
I^oint  "  and  "  elastic  limit  "  are  prescribed,  and  these  display  such 
lack  of  knowledge  of  even  the  definitions  and  meaning  of  these 
terms  that  I  am  compelled  to  explain  the  matter  in  detail.  Accord- 
ing to  Paragraph  S  the  yield  point  is  made  to  be  a  function  of  tlie 
testing  machine,  while  in  Paragraph  9  the  elastic  limit  appears  to 
be  a  function  of  the  testing  machine  and  of  an-  imdescribed  appa- 
ratus, while  they  are  both  really  functions  of  the  material.  There 
are  three  terms  used  in  defining  the  elastic  properties  of  materials, 
viz. :  proportional  limit,  elastic  limit,  and  yield  point.* 

The  "  proportional  limit  "  is  that  point  at  which  the  extension 
ceases  to  be  proportional  to  loads  api^lied,  and  it  is  determined  by 
measuring  the  extensions  at  regular  intervals  of  increment  of 
load.  The  precise  determination  of  this  point  is  dependent  upon 
the  precision  of  the  measuring  instnunent. 

The  "  elastic  limit  "  is  that  load  under  wliicb  the  material  first 
takes  permanent  set  and  does  not  return  to  its  original  sha]ie. 
The  precise  location  of  this  point,  like  the  proportional  limit,  is 

*See  page  30,  "Martens's  Handbook  of  Testing  Materials,"  Wiley,  New  York. 
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cU'l^eiKlent  upon  the  accnracy  of  precision  of  the  apparatus 
nsed  in  its  determination,  and  is  more  or  less  clearly  deiined  in 
different  materials.  It  can  only  be  determined  by  successive  appli- 
cation and  removal  of  increasing  loads,  and  the  determination  of 
extension  and  set  produced  by  same. 

The  "  yield  jjoint  "  is  that  point  at  which  the  material  shows 
a  rapid  increase  of  extension  under  increasing  load.  There  is  a 
very  ready  and  accurate  method  of  determining  it  by  simple  means, 
consisting  of  a  pair  of  dividers  on  which  is  mounted  a  reading 
glass  for  those  who  are  not  gifted  with  the  best  sight.  This  device, 
which  I  have  used  in  my  practice  for  many  years,  is  well-known. 
When  a  piece  of  forged  steel  3  inches  long  is  loaded  to  its  supposed 
yield  point  of  35,000  pounds  it  will  stretch  0.011  inch,  assiiming  E 
=  29,500,000.  When  the  yield  point  is  as  high  as  65,000  pounds 
per  square  inch  this  test  piece  Avill  stretch  0.0176  inch.  Should 
the  material  stretch  more  than  these  amounts  it  is  either  not  up  to 
requirements,  or  the  yield  point  has  been  passed.  In  order  to 
determine  the  yield  point  the  dividers  are  set  to  8  inches,  and  the 
8-inch  gauge  marks  are  placed  on  the  test  piece,  as  well  as  another 
mark  2  or  3  hundredths  of  an  inch  within  one  of  them.  The  test 
piece  is  then  subjected  to  load,  while  one  point  of  the  dividers 
is  held  on  one  of  the  gauge  marks ;  as  the  material  stretches  under 
load  the  scribed  lines  on  it  will  travel  under  the  other  point  of 
the  dividers,  and  as  soon  as  the  inner  line  is  reached,  the  yield  point 
has  been  passed,  which  will  be  made  manifest  by  a  sudden  rapid 
extension  of  the  test  piece  under  the  free  point  of  the  di^dders. 

It  is  a  well-known  fact  that  the  drop  of  the  beam  of  a  lever 
testing  machine  depends  upon  the  inertia  of  levers,  and  poise, 
the  rate  of  loading,  and  last,  but  not  least,  upon  the  pleasure  of  the 
person  manipulating  the  testing  machine.  Such  manip^ilation  has 
been  so  frequently  demonstrated  to  be  intentional  that  it  is  not 
necessary  to  say  anything  more  about  it  at  the  present  time. 

The  drop  of  the  gauge  in  an  hydraidic  machine,  on  the  other 
hand,  depends  upon  the  speed  of  loading,  and  the  inertia  and 
mechanism  of  the  gauge  itself.  This  will  give  reliable  results  only 
when  it  is  operated  very  slowly,  which  is  contrary  to  the  pres- 
ent custom  of  rapid  testing.  In  both  cases,  however,  slip  of  the 
test  piece  in  the  holders  vitiates  The  observations,  making  them 
unreliable  and  fixing  the  yield  point  at  a  value  lower  than  the 
material  should  indicate;  and  this  is  again  against  the  interests 
of  the  producer.     In  Emery's  testing  machines  the  drop  of  the 
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beam  is  so  indefinite  and  difficult  to  observe  that  it  cannot  be  used 
for  the  purpose  stated. 

The  dividers,  on  the  other  hand,  always  permit  reliable  and 
exact  determinations  of  yield  point,  and  can  be  used  at  anv  speed 
of  operation  of  the  testing  machine,  with  equal  certainty. 

Thei-e  is,  however,  another  method  by  which  the  yield  point 
and  other  properties  of  materials  can  be  determined  with  accu- 
racy— by  autographic  apparatus,  such  as  my  "Pocket  Recorder";* 
and  this,  moreover,  gives  a  permanent  record  of  results  which, 
when  properly  made,  are  of  the  greatest  practical  value. 

It  will  be  seen  from  the  above  figures,  however,  that  the  elastic 
stretch  up  to  the  yield  point  of  test  pieces  2  inches  long,  will  be 
but  one-quarter  of  the  amounts  stated,  viz.,  0.00275  and  0.0044, 
which  are  such  minute  dimensions  that  they  cannot  serve  practical 
purposes  or  be  observed  by  the  naked  eye.  The  compilers  of  these 
specifications  know  that  this  minute  extension  of  2-inch  test  pieces 
does  not  produce  drop  of  beam  or  lag  of  gauge  in  a  manner  similar 
to  the  8-inch  lengths,  and  hence  specified  the  determination  of 
what  they  call  the  elastic  limit,  which  by  the  method  prescribed  for 
its  determination  is  clearly  nothing  else  than  the  yield  point.  The 
apparatus  used  shall  show  the  change  in  rate  of  extension  under 
uniform  load,  and  elastic  limit  will  be  taken  at  that  point  where  the 
proportionality  changes.  As  it  has  been  declared  by  such  authori- 
ties as  Baushinger,  Martens,  Tetmayer,  Bach,  Barba,  Le  Chatelier, 
Unwin  and  others  that  the  determination  of  the  yield  point  by  drop 
of  beam  is  unreliable,  the  proposition  to  determine  it  by  that  means 
should  be  dropped.  There  are  two  other  means  by  which  the  yield 
point  can  be  determined  on  2-inch  test  jjieces,  viz. :  by  accurate 
measuring  instruments  correctly  designed,  or  by  a  recording  ap- 
paratus which  produces  a  diagram  showing  extension  up  to  and 
beyond  yield  point  multiplied  40  times.  This  latter  diagram 
will  then  be  the  same  as  that  obtained  from  an  8-incli  test  piece 
with  record  of  extension  multiplied  10  times,  which  has  been 
declared  "  sufficient  for  practical  purposes,"  and  it  gives  the  condi- 
tions at  yield  point  most  clearly.f 

Apparatus  sufliciently  accurate  for  determining  the  yield  point 
in  a  rapid  manner  are  described  on  page  546  "  Martens's  Hand- 
book," and  in  paper  No.  943  presented  at  this  meeting  for 
discussion,  describing  a  new  form  of  roller  extensometer.    I  wish 

*  Transactions  A.  S.  M.  E.,  vol.  xviii.,  1897,  pape  823. 
t Page  605,  "Martens's  Handbook  of  Testing  Materials." 
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to  point  out,  however,  that  the  action  of  these  instruments,  as 
well  as  that  to  which  Paragraph  'J  refers,  will  be  affected  by  any 
change  in  the  rate  of  loading  by  the  testing  machine,  which  is 
easily  affected  in  one  operated  by  hydraulic  pressure  without  being 
apparent  to  the  observer,  whose  attention  must  be  riveted  on  the 
extensometer.  To  prove  that  an  extensometer  is  simplex  instead 
of  duplex,  like  the  first  two  mentioned  above,  I  will  present 
the  following  facts :  A  simplex  extensometer  is  one  which  has 
but  one  indicator  actuated  by  one  element  of  the  test  piece;  the 
duplex,  on  the  other  hand,  has  two,  and  is  actuated  by  two  ele- 
ments of  the  surface  of  a  test  piece  on  opposite  sides  of  its  axis. 

Only  instruments  based  on  the  latter  principle  are  sufficiently 
exact  to  determine  extensions  measurable  by  ten  thousandths 
inches.  Absolute  proof  is  at  hand  *  that  a  simplex  instrument  is 
of  no  value  for  this  purpose,  and  will  as  often  give  a  value  too  low 
as  one  too  high;  when  the  bar  begins  to  stretch  first  on  that  side  to 
which  the  instrument  is  attached,  a  yield  point  which  is  too  low 
will  be  given.  This  is  again  against  the  interest  of  the  producer 
who  is  trying  to  guarantee  minimimi  values.  Now,  an  apparatus 
which  does  not  read  accurately  to  i^},;,!;  inch  can  hardly  be  used 
for  the  determination  of  differences  of  elongation  of  0.00275  and 
0.0044=  0.00165  between  highest  and  lowest  jieM  points  of  2-inch 
test  pieces.  If  the  stretch  on  one  side  of  bar  is  greater  than  that 
on  the  other  by  ^^gj,p  inch,  as  is  frequently  the  case,  then  such 
apparatus  will  give  incorrect  determinations.  An  apparatus  like 
that  used  at  the  Bethlehem  Steel  Works,  being  simplex,  with  the 
roller  1^  inch  away  from  the  centre  of  the  test  piece,  ^vill  give  a 
reading  of  ^j,gf,j)  inch,  when  the  ^-inch  test  piece  elongates  only 
1^1  (jj)  inch  more  on  one  side  than  on  the  other.  Moreover,  as  the 
roller  of  this  extensometer  i-olls  between  two  plates  instead  of  re- 
volving on  centres  as  it  should,  its  axis  will  again  be  shifted  one-half 
the  amount  of  extension  of  the  test  piece,  thereby  adding  another 
error  which  still  further  invalidates  the  observations.  Yielding 
generally  begins  at  shoulders,!  and  the  nearer  these  are  to  the 
gauge  marks  the  sooner  will  the  apparent  (but  erroneous)  yield 
point  be  indicated  by  the  apparatus.  In  the  case  of  2-inch  test 
pieces  in  which  the  shoulders  are  but  ^  inch  from  gauge  marks, 
this  ^vill  again  indicate  a  lower  yield  point,  to  the  detriment  of  the 
producer. 

*  Pages  90-94,  "  Martens's  Handbook  of  Testing;  Materials." 

f  See  pages  90  et  seq,  "  Martens's  Handbook  of  Testing  Materials." 
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There  is  another  point,  however,  in  which  this  2-inch  test  piece 
notoriously  fails  to  give  correct  and  reliable  information  about 
the  materials,  viz. :  extension  after  rupture.  This  again  is  to  the 
detriment  of  the  producer.*  "  Under  the  practically  permissible 
assumption  that  deformations  are  symmetrical  about  the  point  of 
rupture  there  is  one  method  of  procedure  which  gives  accurate 
values  of  extensibilty  of  materials  under  all  conditions."  f  If 
the  location  of  fracture  is  not  at  the  centre  of  the  2-inch  test  piece, 
then  the  error  will  be  over  4  per  cent.,  and  may  reach  8  or  9  per 
cent.  The  only  proper  way  of  measuring  extensions  is  to  divide 
the  gauge  length  into  20  parts,  each  part  in  an  8-inch  test 
piece  being  0.4  inch  long;  1-inch  divisions  are  much  too  large 
and  mil  in  no  ease  answer  the  purpose.  If  the  fracture 
is  located  at  the  centre,  the  extension  may  be  measured  di- 
rectly. If  it  occurs  away  from  this  point,  then  the  extension 
of  an  equal  niunber  of  parts  symmetrically  located  either  side 
of  the  fracture  is  measured,  and  to  this  amount  must  be  added 
twice  the  extension  of  a  number  of  divisions  on  the  long  end  of 
the  test  piece  immediately  adjoining  those  already  measured, equal 
to  -J  of  20,  less  the  number  already  measured.  Thus  in  case  the 
extension  of  3  divisions  either  side  of  the  fracture  is  measurable, 
then  twice  the  extension  of  the  adjoining  7  divisions  is  to  be  added 
to  give  the  total  extension  of  the  gauge  length.  If  the  fracture 
should  occur  at  a  gauge  mark,  then  the  correct  extension  will  be 
equal  to  twice  the  extension  of  10  divisions  nearest  the  point  of 
fracture,  and  not  to  the  extension  measured  between  gauge  marks. 

"When  this  is  not  done,  the  short  end  of  the  test  piece  having 
stretched  less  than  the  normal  amount,  the  results  obtained  will 
invariably  be  against  the  interests  of  the  producer.  On  a  2-inch 
test  piece  this  method  cannot  be  used,  and  eccentric  locations 
always  give  too  small  an  extension,  which  is  against  the  interest  of 
the  producer. 

I  think  that  I  have  now  clearly  shown  that  a  2-inch  test  piece 
is  wrong  from  every  point  of  view,  and  that  one  more  injurious 
to  the  interest  of  the  prodiicer  could  not  well  have  been  selected. 
There  is  but  one  jilausible  reason  which  might  make  a  short  test 
piece  seem  desirable,  viz. :  that  it  can  be  more  readily  cut  from  a 
forging  and  cause  less  waste  and  cost  less. 

If  it  be  borne  in  mind  that  the  purchaser  should  and  will  pay 

*  See  page  108,  ibid. 
tSee  page  111,  ibid. 
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for  all  testing  in  the  end,  wlu'tlior  he  knows  it  or  not,  the  manu- 
facturer should  always  leave  enough  stock  to  provide  for  test  pieces 
of  the  standard  instructional  length  of  8  inches,  because  it  would  be 
entirely  to  his  own  interests  from  every  jjoint  of  view. 

Moreover,  as  standard  specifications  do  not  refer  to  specialties, 
but  to  the  great  bulk  of  material  ordered  in  large  masses  and 
quantities,  a  few  extra  pieces  of  greater  length,  j^aid  for  by  the 
purchaser,  will  satisfy  all  interests  and  not  materially  increase  the 
cost  of  production.  Shafts,  cylinders,  anchors,  piston-rods,  ship- 
forgings,  frames,  etc.,  could  all  be  so  forged  as  to  provide  proper 
crop-ends  for  8-inch  test  pieces  in  a  simple  manner.  Wheel  tires 
and  the  like  should,  of  course,  be  classed  as  specialties  and  treated 
as  such. 

In  Europe  8  inches  (200  per  cent.)  has  been  adopted  as  the  stand- 
ard length,  and  no  one  on  the  continent  any  longer  thinks 
of  measuring  extension  except  by  the  method  of  proportional 
parts.  This  method  cannot,  however,  be  used  on  2-inch  test  pieces. 
None  of  these  points  have  been  provided  for  in  these  specifications, 
and  the  best  practice  abroad  has  been  entirely  ignored. 

All  of  these  criticisms  apply  to  the  specifications  for  cast  steel 
as  well,  and  I  shall  therefore  not  repeat  them  in  reviewing  the 
latter. 

Having  shown  that  the  first  part  of  these  specifications  is  very 
loosely  drawn  and  can  be  misinterpreted,  that  they  fail  to  take 
cognizance  of  the  present  state  of  the  science  of  testing  materials, 
and  that  they  ignore  common  practice  in  other  countries,  I  shall 
take  up  the  subject  of  inspection. 

Paragraph  12  says  that  "  the  inspector  representing  the  pur- 
chaser shall  have  all  reasonable  facilities  afforded  him  by  the 
manufacturer  to  satisfy  him  that  the  finished  material  is  furnished 
in  accordance  with  these  specifications."  May  I  ask  how  many 
different  opinions  exist  as  to  what  might  be  called  "  reasonable 
facilities  "  ?  Moreover,  Paragraph  12  distinctly  states  that  these 
facilities  shall  be  afforded  to  satisfy  the  manufacturer  that  the 
finished  material  is  furnished  in  accordance  mth  these  specifica- 
tions. 

This  clause  should  read :  "  The  manufacturer  shall  at  all  times 
furnish  promptly  to  the  purchaser  or  his  representative  all  facili- 
ties necessary  to  test  and  inspect  every  part  of  all  the  material  pro- 
duced under  these  specifications."  Furthermore,  it  should  be 
specified  that  the  inspector  shall  have  the  right  to  affix  his  private 
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mark  to  the  material  during  any  stages  of  the  process  of  manu- 
facture ;  that  all  material  shall  be  turned  over  for  surface  inspec- 
tion on  both  sides  in  all  cases ;  that  no  material  shall  be  shipped 
until  the  accejatance  mark  shall  have  been  affixed  thereto. 

Provision  should  also  be  made  for  daylight  inspection,  for  in 
spite  of  many  statements  to  the  contrary,  no  person  can  readily 
detect  seams,  cold-shuts  and  checks  by  use  of  artificial  light  with 
its  many  vagaries,  variations,  and  shadows. 

These  matters  are  all  provided  for  and  prescribed  on  the  con- 
tinent of  Europe,  and  when  not,  are  carried  out  as  a  matter  of 
conmion  routine. 

I  could  enumerate  many  other  points  which  experience  has 
taught  me  to  be  essential — not  for  the  purpose  of  embarrassing  the 
producer  by  any  means — but  merely  to  exclude  any  accidentally 
defective  material  which  may  cause  very  grave  consequences.  It 
is  hardly  necessary  for  me  to  mention  such  accidents  as  the  Con- 
solidated Gas  Tank  Collapse  in  1898,  in  New  York,  with  its  great 
loss  of  life  and  heavy  damage,  the  result  of  the  inspector's  failure 
to  find  a  cold-shut  in  one  plate.  There  is  no  time  now  to  mention 
such  matters.  Unless  such  clauses  be  included  in  these  specifica- 
tions they  will  never  be  adopted  as  international  standards. 

There  is  another  point  which  I  should  here  mention,  before 
briefly  reviemng  the  specifications  for  steel  castings:  that  is,  that 
the  processes  by  which  steel  is  made  are  rigidly  prescribed,  while 
this  might  wisely  be  omitted. 

The  effect  of  this  will  be  to  discoiirage  the  development  of  new 
processes,  excluding  all  electro-metallurgical  methods,  which  are 
bound  to  be  heard  from  at  no  distant  date.  If  the  other  condi- 
tions of  these  specifications  are  met,  there  need  be  no  stipulation 
as  to  the  method  of  ])roducing  the  steel.  That  will  take  care  of 
itself. 

Under  "chemical  properties,"  in  Paragraphs  2  and  3.  it  is  stated 
that  castings  which  shall  not  be  tested  may  have  /v  more  phos- 
phorus than  those  which  are  to  be  checked;  again,  in  the  former 
sulphur  is  not  prescribed,  while  in  the  latter  it  is.  Therefore 
such  material  which  shall  not  be  examined  for  quality  may  contain 
more  injurious  components  than  those  which  will  be  carefully 
tested;  this  seems  an  anomaly  to  me. 

May  I  ask  why  the  tenn  "  chemical  properties  "  is  used  In 
this  connection,  when  "  chemical  composition  "  is  alone  referred 
to?    These  terms  are  suflSciontly  distinct  not  to  be  misapplied  or 
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iMiufounded  in  staudard  specifications,  and  sucli  loose  use  of  words 
in  a  case  like  this  is  hardly  jnstitiable  or  permissible,  but  is  char- 
acteristic of  the  genei'al  lack  of  precision  of  these  specifications. 
The  terms  ''  drop  "  and  "  percussive  test  "  are  also  used  in  an  un- 
warranted manner,  and  are  not  those  commonly  appKed  to  the  tests 
referred  to,  but  relate  to  other  well-known  tests  which  are  clearly 
defined  technically.  The  tests  specified  should  be  called  the 
"  breaking  down  "  and  "  hammer  tests,"  which  are  the  correct 
terms  and  can  hardly  be  misunderstood.  Another  instance  of 
careless  diction,  the  last  to  which  I  wish  to  refer,  although  there 
are  many  others,  is  found  in  Paragraph  8,  in  which  it  is  pre- 
scribed that  the  test  piece  "  may  be  turned  parallel  throughout 
its  entire  length."  This  probably  means  that  the  test  piece  may 
be  turned  "  truly  cylindrical,"  because  that  is  what  it  should  be. 

Again  Paragraph  8  prescribes  a  2-inch  test  piece  for  castings, 
and  while  all  that  I  have  said  heretofore  applies  in  this  case,  there 
is  one  reason  which  can  be  urged  against  its  adoption  for  tests  of 
cast  steel.  There  is  no  difficulty  whatever  in  producing  ^vitli  a  cast- 
ing, however  large  or  small,  a  test  piece  16  inches  long  gated  from 
it  without  change  of  pattern,  and  cast  at  the  same  time.  Such 
coupon  would  be  a  true  sample  of  the  steel  and  could  be  removed 
after  annealing. 

The  provision  that  the  test  piece  may  be  cut  from  the  sink- 
head  is  very  objectionable  because  of  the  possibility  of  segrega- 
tion, and  of  slag  and  dirt  being  in  it,  and  because  such  would  pro- 
<luce  results  against  the  interest  of  the  producer. 

Boiler  Plate  and  Rivet  Steel. 

As  most  of  the  above  criticisms  also  apply  to  the  specifications 
on  boiler  plate  and  rivet  steel,  I  shall  not  repeat  them,  but  merely 
call  attention  to  the  shape  of  test  piece  as  given  in  paragraph  8, 
as  it  does  not  conform  to  any  standard  shape  nor  comply  with  our 
knowledge  of  the  necessary  requirements  for  obtaining  correct 
results. 

I  must  again  refer  to  Fig.  107,  "Martens's  Handbook  of  Testing 
Materials,"  etc.,  which  shows  the  proper  proportions  and  dimen- 
sions which  alone  will  always  give  reliable  and  comparable  results. 

It  would  lead  too  far  and  occupy  too  much  time  to  take  up  every 
jioint  in  these  specifications  which  may  be  justly  criticised,  and  I 
shall  therefore  abstain  from  further  comment,  hoping  that  what 
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I  liave  presented  will  result  in  a  revision  wliieli  will  produce  speci- 
fications entirely  satisfactory  to  the  producers,  and  creditable  to 
American  engineers  from  evcrv  jioint  of  view. 

Prof.  Gaetano  Lanza. — I  suppose  every  one  will  admit  that  in 
all  cases  where  it  is  feasible,  it  is  much  better  (instead  of  using  the 
small  test  iDiece)  that  we  should  use  the  standard  test  piece, 
on  which  a  gauged  length  of  8  inches  can  be  employed.  While 
the  difficulties  which  would  present  themselves  in  this  regard, 
in  the  case  of  steel  forgings,  may  be  great,  as  in  securing  a  test 
piece  to  show  the  qualities  of  a  certain  portion  of  the  forg- 
ing about  which  we  wish  information,  it  is  impossible  for  me  to 
see  how  any  such  difficulties  can  be  at  all  insuperable  in  the  case 
of  steel  castings;  and  it  would  seem  very  desirable  and  important 
that,  in  the  case  of  steel  castings,  instead  of  using  the  short  test 
piece,  on  which  we  can  measure  only  on  a  gauged  length  of  2 
inches,  the  standard  specimen,  on  which  we  measure  on  a  gauged 
length  of  8  inches,  should  be  adopted. 

Any  one  who  has  had  to  do  with  steel  castings  knows  that  one  of 
their  greatest  defects  is  their  lack  of  homogeneity,  and  their  flaws. 
Any  investigation,  therefore,  of  their  strength  should  also  seek  to 
ascertain  how  uniform  the  material  is  and  how  many  flaws  exist. 
I  should  therefore  hope  that  some  time  we  might  adopt,  instead 
of  the  small  test  piece,  in  the  case  of  steel  castings,  the  longer  one. 

I  have  only  one  small  criticism  to  make  in  regard  to  the  longer 
test  piece,  and  that  refers  to  all  kinds  of  work ;  the  length  on  which 
we  measure  should,  of  course,  be  8  inches.  In  the  sjjecification, 
which  is  also  that  of  the  International  Society,  as  well  as  that  of 
the  American  Section,  it  is  specified  that  the  distance  between  the 
shoulders  shall  be  at  least  9  inches.  If  any  one  adheres  to  that 
minimum  length  between  the  shoulders  he  is  only  leaving  i  an  inch 
on  each  side  of  the  gauged  length  before  the  section  increases; 
and  this  is  liable  to  interfere  with  the  accuracy  of  some  of  the 
results.  It  seems  to  me  that  there  should  be  at  least  2  inches  on 
each  side  of  the  S,  making  12  inches,  before  an  increase  of  section 
occurs. 

Mr.  8.  M.  Vauclain. — These  specifications  are  the  result  of  a 
great  deal  of  patient  work  by  the  Committee.  In  their  present 
form  they  are  too  cumbersome  for  practical  use.  What  is  really 
required  is  to  sub-divide  them  so  that  they  may  be  thoroughly 
digested  and  put  in  shape  for  use.  There  may  be  some  points  in 
the  specifications  which  might  be  modified  to  advantage.    I  there- 
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fore  ask  that  this  Society  appoint  a  Committee  on  Specifications, 
as  has  been  suggested,  believing  that  the  result  of  its  work  would 
be  of  great  assistance  towards  "  Standard  Specifications." 

Mr.  Francis  B.  Allen. — Relative  to  the  proposed  specifications 
for  steel  boiler  plate  and  steel  castings,  one  cannot  look  even 
casually  at  the  report  as  presented  by  Mr.  Webster  and  his  asso- 
ciates on  the  Committee,  without  being  impressed  with  the  care 
and  attention  they  have  exercised  in  the  examination  of  authori- 
ties on  this  subject,  and  preparation  of  data  in  such  shape  as  to 
make  the  record  of  those  authorities  of  easy  i-eference. 

The  subject, in  my  judgment, is  one  of  the  most  important  which 
could  engage  the  attention  of  this  Society,  for,  while  the  question 
is  of  great  professional  and  commercial  importance,  it  is  even 
more  important  on  the  score  of  humanity;  for  it  has  to  do  with  the 
protection  of  life  and  limb  by  establishing  standards  for  high-grade 
material  in  boiler  construction  and  attachments  whereby  not  only 
can  life  be  made  safer,  but  a  responsibility  be  established  for  those 
who  fail  to  provide  the  best  material  under  conditions  for  which 
it  is  evident  that  the  best  is  demanded. 

The  demand  is  for  higher  steam  pressures  on  boilers,  yet  in 
cases  where  the  purchaser  is  willing  to  pay  for  the  best  and  safest 
material  for  the  purposes  for  which  they  are  to  be  used,  there  is  no 
absolute  guarantee  in  many  cases  that  it  can  be  obtained.  In 
other  words,  the  purchaser  will  get  what  he  pays  for.  If  manu- 
facturers of  boiler  tubes,  steam  pipes  and  steam  fittings  were  re- 
qiiired  to  legibly  stamp  their  product,  as  the  manufacturers  of 
boiler  plates  do,  the  protection  of  their  ovni  interests  would  be  an 
incentive  to  prodiice  the  best  instead  of  the  cheapest. 

It  is  a  practical  question  of  some  importance:  If  we  build  a 
high-pressure  boiler,  parts  of  which  are  subject  to  test  and  are 
demonstrated  to  be  of  the  best  steel  plates  and  workmanship  ob- 
tainable, and  then  use  steel  tubes,  steel  pipes,  steel  castings,  and 
steel  fittings  attached  to  it,  of  unstamped  and  absolutely  unknown 
qualities,  where  all  parts  aie  to  be  subject  to  the  same  high  pres- 
stire,  are  we  not  guilty  of  a  very  re]irehensible  act — and  yet  is  not 
this  being  done  every  day  ?  T'y  all  means  let  us  favor  standard 
specifications  as  the  most  practical  way  to  secure  the  best  materials 
and  best  workmanship,  and  provide  means  of  identification  for  all 
the  parts,  so  that  not  only  may  we  be  able  to  intelligently  select 
the  best  and  thereby  make  the  whole  boiler  structure  uniformly 
safe,  but  also  where  any  detail  is  not  up  to  the  trade  representation 
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credited  to  an  article  of  that  quality,  we  may  know  to  whom  legiti- 
mately to  attribute  the  fault. 

I  therefore  hope  that  this  important  subject  may  be  continued 
to  a  future  meeting,  for  it  is  more  important  that  it  should  be 
settled  right  than  at  this  time;  also,  we  may  show  a  creditable 
appreciation  on  our  part  for  the  excellent  work  of  the  Committee. 

Mr.  Webster."^ — Replying  to  Mr.  Suplee  I  would  say  that  the 
specifications  have  been  reported  to  M.  Riepel,  Chairman  of  the 
International  Committee.  I  received  a  reply  from  him  stating 
that  he  was  very  much  pleased  with  the  way  in  which  we  have 
carried  on  our  work,  and  that  he  would  send  a  circular  to  the 
members  of  the  International  Committee  in  other  countries  re- 
questing them  to  carry  out  their  work  on  similar  lines. 

In  i^resenting  the  sjiecifications  for  discussion,  attention  was 
called  to  the  views  expressed  at  the  recent  meeting  of  the  Ameri- 
can Institute  of  Mining  Engineers  in  Philadelphia  on  the 
matter  of  elastic  limit  and  yield  point.  It  was  claimed  that  it  was 
necessary  to  take  measurements  to  the  j-^^^  o^  ^^  ^^^^  ^o  accu- 
rately determine  the  elastic  limit.  On  the  other  hand,  it  was 
stated  that  in  ordinary  commercial  testing  the  yield  point  was 
taken  by  the  drop  of  the  beam,  notwithstanding  that  it  had 
been  previously  shown,  by  carefully  conducted  series  of  tests  that 
the  test  piece  had  sometimes  elongated  over -^  of  an  inch  in 
8  inches  at  the  time  the  beam  dropped.  These  may  be  taken  as 
the  two  extremes  and  have  caused  no  end  of  discussion  and  con- 
fusion. It  is  time  we  arrived  at  some  definite  conclusion  regarding 
this  important  matter,  and  for  consideration  the  following  is 
quoted  from  Mr.  Theodore  Cooper's  specifications  for  1901 : 

"  For  the  purpose  of  these  specifications,  the  elastic  limit  will 
be  considered  the  least  strain  producing  a  visible  permanent 
elongation  in  a  length  of  8  inches,  as  shown  by  scribe  marks  of  a 
pair  of  finely  pointed  dividers. 

"  If  the  yield  point  or  drop  of  the  beam  can  be  calibrated  for 
any  machine  and  its  speed  to  represent  the  elastic  limit  within  .5 
per  cent.,  it  may  be  used  for  general  cases.  Test  reports  must 
state  by  which  method  the  elastic  limit  was  taken." 

This  has  not  been  referred  to  by  Mr.  Henning,  although  it  fully 
covers  the  points  he  raised. 

The  members  of  Committee  No.  1  of  the  American  Section  are 
]ierfcctly  familiar  with  what  has  been  done  in  other  countries.  In 
•Author's  closure,  under  the  Rules. 


SPECIFICATIONS   FOR   FORCINGS,    CASTINGS,    AND   BOILER   PLATES.     657 

their  preliminary  work  thej  considered  all  tlie  points  which  have 
been  referred  to  by  Mr.  Heuning,  and  many  others,  and  decided 
that  as  these  specifications  were  to  be  rejiresentative  American 
specifications,  they  would  confine  their  work  to  the  best  American 
practice.  This  course  was  followed.  We  have  nothing  to  do  with 
European  methods  not  in  use  here,  and  the  other  countries  can 
look  out  for  their  own  methods.  In  the  final  International  Speci- 
fications each  country's  methods  and  sjiecificatious  will  receive 
due  consideration. 

As  to  the  much-despised  2-incli  tension  test  piece,  as  well  as 
the  bending  test  piece  and  conditions  for  making  this  test,  referred 
to  by  !Mr.  Henning,  they  are  the  same  in  all  respects  as  the 
standards  of  our  Navy;  and  if  his  remarks  are  referred  to  Admiral 
Melville,  suflBcient  reasons  will,  no  doubt,  be  produced  to  prove 
that  good  material  has  been  and  will  be  obtained  with  these  forms 
of  test  pieces  and  methods  of  testing. 
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BY  R.  H.   80ULE,  NEW   YORK. 

(Member  of  the  Society.) 

1.  This  system  is  a  new  combination  of  old  elements,  the  card 
index  and  file  boxes;  in  developing  it  the  aim  has  been  to  secure 
compactness  with  facility  for  quick  and  ready  reference,  and  to 
avoid  the  use  of  scissors  and  paste  pot.  The  index  card  chosen 
as  being  most  convenient  is  a  medium  heavy  white  card,  approxi- 
mately 3  inches  by  5  inches  (actually  1i  by  12|  centimetres),  ruled 
with  horizontal  blue  lines,  and  punched  near  the  lower  edge ;  in 
tiie  Library  Bureau  catalogue  this  is  classified  as  their  33  r  white 
card. 

2.  The  file  boxes  are  of  three  different  sizes,  the  inside  dimen- 
sions being  as  follows  :  small  size,  7  inches  by  10  inches  by  3  inches ; 
medium  size,  9.|  inches  by  12f  inches  by  3  inches;  large  size,  11.^ 
inches  by  16^  inches  by  3  inches.  They  are  all  similar  to  pamphlet 
cases  in  general  make-up,  and  open  both  at  one  side  and  one  edge, 
the  two  hinged  covers  of  each  box  being  fastened  together  by  a 
simple  catch,  which  is  opened  by  pressure  of  the  thumb.  These 
file  boxes  are  not  to  be  found  in  stock,  but  can  be  made  by  any 
manufacturing  stationer.  The  small  size  box  takes  pamphlets, 
trade  catalogues,  etc.,  of  the  6  inches  by  9  inches  standard ;  the 
medium  size  box  takes  publications  of  approximately  letter  size, 

*  Presented  at  the  Boston  meeting  (May,  1902)  of  the  American  Society 
of  Meclianical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Transaetions. 

\  For  f  artlier  references  on  this  subject  see  Transactions  as  follows  ; 
Vol.  xvi.,  p.  610  :   "Topical  Discussions." 
Vol.  vi.,   p.  863  :  "  Topical  Discussions." 
Vol.  xiv.,  p.  780:  "  A  General   Engineering  Classification  and  Index,"  William 

L.  Chase. 
Vol.  xxii.,  p.  74.5:  "A  Method  of  Filing  and   Indexing  Engineering  Literature, 
Notes,  etc.,"  George  H.  Marr. 
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including  both  trade  catalogues,  technical  papers,  etc. ;  the  large 
size  box  takes  the  larger  technical  papers  ;  blue  prints  may  be 
taken  in  either  size  box  to  which  they  will  conveniently  fold. 
The  three  sizes  of  file  boxes  are  arbitrarily  designated  as  P,  L, 
and  G  (pamphlet,  letter,  and  gazette),  and  each  box  bears  on  its 
back  its  appropriate  designating  letter. 

3.  All  pamphlets,  technical  papers,  etc.,  received,  are  carefully 
looked  tiirough,  and  each  contained  item  or  ai'ticle  which  is  con- 
sidered worthy  of  being  indexed  is  checked ;  the  covers  and  ad- 
vertising sheets  are  then  stripped  off,  and  the  reading  matter 
is  cut  up  into  single  sheets,  by  running  a  paper  cutter  through 
the  binding  edge ;  those  sheets  which  do  not  bear  a  check  mark 
on  either  side  are  taken  out  and  discarded ;  those  sheets  which 
do  bear  one  or  more  check  marks  on  either  side  are  then  bound 
together  by  metallic  binders,  after  which  the  proper  file  number 
is  placed  in  the  upper  right-hand  corner. 

4.  Each  size  of  file  box  has  its  own  series  of  file  numbers  run- 
ning from  1  up,  and  each  enclosure  prepared  for  filing  (as  above 
described)  is  marked  with  both  its  proper  file  letter  and  number, 
the  first  of  each  series  being  marked  PI,  Z  1,  and  O  1,  each 
subsequent  enclosure  bears  the  next  consecutive  file  number  to  the 
last  one  previously  used  in  its  series.  In  assigning  the  enclosures 
to  the  file  boxes  size  alone  determines ;  no  classification  by  sub- 
ject is  attempted,  that  being  taken  care  of  by  the  card  index  ;  no 
vacant  numbers  or  spaces  are  left,  and  each  series  is  filled  up 
solid. 

5.  After  the  file  enclosures  are  prepared  and  given  their  file 
numbers,  the  checked  items  and  articles  are  indexed,  by  making 
the  proper  entries,  by  subject,  on  the  index  cards.  The  general 
subject  is  entered  at  the  top  of  the  card,  nothing  else  being  put 
on  that  line ;  six  additional  lines  (seven  in  an  extreme  case)  are 
available  below,  and  these  are  used  for  consecutive  references  to 
the  general  subject,  after  which  additional  cards  are  used.  The 
index  references  to  enclosures  in  the  file  give  the  name  of  the 
technical  paper,  in  abbreviated  form,  and  the  year  of  publication  ; 
it  has  been  found  to  be  unnecessary  to  give  the  month  and  day, 
they  can  be  ascertained  by  reference  to  the  file  itself,  if  needed. 
The  index  also  contains  references  to  sources  of  information  out- 
side of  the  file  ;  these  are  obtained  by  going  through  the  files  of 
technical  papers  not  subscribed  to,  the  transactions  of  technical 
societies  of  which  the  writer  is  not  a  member,  and  certain  other 
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technical  literature,  all  of  which  may  be  found  in  the  library  of 
the  American  Society  of  Mechanical  Engineers.  In  making  the 
index  entries  of  these  references,  it  is  necessary  to  be  specific  as 
to  the  source  of  information,  the  volume,  page,  date,  etc. ;  instead 
of  the  file  number,  which  in  ordinary  file  references  appears  in 
the  right  hand  margin  of  the  card,  a  zero  is  used,  indicating  that 
the  reference  cannot  be  found  in  the  file,  but  must  be  sought  in 


Pig.  273. 

an  outside  source  of  information.  Similarly,  a  few  references  to 
books  in  the  writer's  library  are  given  ;  this  is  done  only  when  a 
book  contains  some  valuable  information  which  is  not  covered 
by  its  title,  as  for  instance,  "  Tools,  power  required  to  drive  "  (see 
Flather's  "  Dynamometers  ").  In  this  case,  although  the  book  is 
on  the  subject  of  Dynamometers,  an  entire  chapter  of  73  pp.  is 
devoted  to  the  subject  of  the  power  required  to  drive  machines, 
and  contains  tabulated  statements  of  great  scope  and  value. 

6.  Typical  index  cards,  illustrating  the  different  classes  of  ref- 
erences, are  shown  in  Figs.  272-27-1. 

7.  The  writer's  index  and  file  were  begun  about  two  and  a  half 
years  ago.  During  this  period  the  accumulation  of  index  cards 
and  references  has  been  as  follows : 
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110 

419 
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This  shows  an  average  of  4.6  references  i)er  card,  and  substan- 
tiates (for  the  index)  the  claims  of  compactness  and  facihty  of 
quick  and  ready  reference ;  the  more  references  per  card  the 
fewer  cards  to  be  provided  and  handled,  the  less  space  occupied, 
and  the  more  cards  and  references  consulted  in  a  given  time. 
Six  references  are  considered  as  constituting  a  full  card,  but  occa- 
sionally a  seventh  reference  is  added,  if  it  closely  relates  to  the 


sixth.  Of  the  total  of  3,1.55  references,  2,209,  or  72  per  cent.,  are 
to  enclosures  contained  in  the  file,  and  886,  or  28  per  cent.,  are  to 
outside  sources. 

8.  The  accumulation  of  references  under  individual  subjects 
will,  of  course,  be  influenced  large!}'  by  the  particular  field  in  which 
the  person  developing  the  index  and  file  is  working;  the  writer's 
specialty  being  railway  mechanical  engineering,  the  number  of 
references  accumulated  under  In  principal  subjects  (out  of  a  total 
of  271  subjects)  has  been  as  follows ; 
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„  ,  .  No.  of 
Sntijcct.                                                                                                          References. 

Boilers 125 

Brakes 70 

Cars 233 

Coal  and  coaling 65 

Cranes 43 

Electricity 51 

Engines  79 

Locomotive  diagrams 198 

Locomotive  details  and  infm'n 314 

Power  plants 66 

Shop  diagrams 128 

Shop  notes  and  infm'n 55 

Tools 43 

Train  resistance 38 

Trucks 45 


-21%- 
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9.  The  index  cards  are  kept  in  a  four-drawer  case  of  Library 
Bureau  make,  as  shown  in  Fig.  275.     BuflP  bristol  guides  are  in- 
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serted  between  the  white  cards  to  show  the  alphabetical  subdivi- 
sions by  first  and  second  letters. 

The  original  outfit  of  file  boxes  (since  duplicated)  included  12 
small  size,  or  P  boxes,  6  medium  size,  or  L  boxes,  and  6  large 
size,  or  Q  boxes.  These  24  file  boxes  are  kept  in  a  case,  as  shown 
by  Figs.  275  and  276. 

Each  file  box  is  provided  with  a  leather  pull  tag,  as  shown  by 
Fig.  275,  and,  when  filled,  is  marked  with  the  file  numbers  of  its 
first  and  last  enclosures,  thus :  P  1 — P  30. 

10.  It  so  happens  that  the  amount  of  storage  space  originally 
provided  in  each  size  of  file  boxes  (12  P  boxes,  6  L  boxes,  and  6 
G  boxes)  was  about  right,  each  series  being  now  completely  filled 
with  enclosures,  two  additional  boxes  of  the  P  size  being  also 
filled,  however.  As  previously  stated,  a  second  set  of  file  boxes 
with  file  case,  exactly  like  that  shown  in  Figs.  275  and  276,  has  been 
provided  and  is  now  in  use.  In  support  of  the  claim  that  the  file 
(as  distinct  from  the  index)  is  compact  and  affords  facility  for 
quick  and  ready  reference,  it  should  be  noted  that  it  requires  only 
about  11  cubic  feet  of  space  to  store  enclosures  containing  2,269 
references  (the  remaining  886  references,  out  of  a  total  of  3,155, 
referring  to  sources  of  information  outside  the  file).  Moreover, 
any  one  of  these  reference  enclosures  can  be  located  and  with- 
drawn in  a  minimum  of  time. 

DISCUSSION. 

Mr.  H.  P.  Quid-. — The  writer  has  been  working  on  the  lines 
of  the  author  of  this  paper  in  the  manner  of  filing  current  en- 
gineering literature  of  the  same  class,  namely :  "  Railway  Me- 
chanical Engineering  ",  and  also  of  general  engineering  informa- 
tion, and  begs  to  submit  not  only  a  discussion  of  the  author's  paper, 
but  also  some  observations  in  the  line  of  indexing  and  filing  not 
touched  upon,  but  of  value  to  an  engineer.  In  general,  the  autlmr 
of  the  paper  has  in  use  a  very  practical  system  and,  as  he  says,  one 
adapted  to  ready  reference  in  daily  work,  provided  he  has  the 
catalogue  adjunct.  In  the  treatment  of  engineering  periodicals 
it  resembles  very  closely  the  writer's  method,  which  has  been  in 
use  several  years;  Imf  in  tiio  manner  of  filing  it  differs  some- 
what, and  it  is  along  this  line  only  that  the  details  of  the  author's 
method  would  be  criticized. 

For  the  catalogue  instead  of  a  3  by  5-inch  card,  the  better  size 
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wiiuld  l)c  4  liy  f)  inclics,  nilcil  similarly,  liocaiise  it  will  contain  a 
greater  amoiiut  of  iuforuiatiou  <iu  a  card, and  fiirtlier,a  4  bv  (j-iuch 
card  is  more  suitable  for  use  in  recording  general  engineering 
data,  tabulated' information,  synopses  of  subjects,  outlines  of 
lectures,  reports,  etc.,  and  yet  is  within  the  limits  of  a  pocket 
card  or  removable  leaf  note  book,  and  all  information  can  thus 
be  kept  in  the  same  card  index;  for  it  is  not  likely  that  the  en- 
gineer's files,  or  his  references  to  articles  not  possessed  or  on  file, 
will  be  all  the  information  filed  by  him  relating  to  any  subject. 

The  author  is  unwise  in  having  his  system  so  arranged  that  he 
has  to  depend  entirely  on  his  card  index  to  know  what  he  has  and 
where  it  is.  Unless  his  card  or  book  index  is  kept  up  to  date, 
he  surely  could  not  go  to  his  boxes  lettered  P,  L,  and  G,  etc.,  and 
find  what  he  is  looking  for.  The  writer  prefers  a  subject  classi- 
fication on  the  boxes  and  one  size  of  box,  and  that  a  compact  one, 
for  the  general  nm  of  engineering  publications,  and  for  any  one 
starting  a  system,  the  size  8^  by  10^  inches  will  contain  every- 
thing published,  either  laid  flat,  or,  as  in  the  case  of  Engineer- 
ing News,  Scientific  American,  etc.,  folded  once  with  very 
little  trimming,  unless  it  is  some  abnormally  large  catalogue  with 
heavy  board  covers  coming  under  the  class  of  books  rather  than 
panij)hlets  or  magazine  articles.  These  boxes  should  not  be  as 
thick  as  3  inches,  rather  1;^  or  1^  inches,  and  perhaps  more  like 
the  ordinary  pasteboard  box  in  which  glass  photographic  plates 
are  packed,  and  which  can  be  had  at  a  very  low  rate  from  a 
photographer.  A  box  should  be  labelled  with  the  subject  matter 
contained  therein,  and  may  in  addition  be  lettered  and  numbei'ed. 
The  small  thickness,  of  course,  requires  a  greater  subdivision  of 
subjects,  and  this  is  an  advantage,  because  it  reduces  the  weight 
to  be  handled,  the  amount  of  irrelevant  matter  to  be  looked  over 
in  case  one  is  not  using  a  card  index,  and  in  searching  for  hidden 
matter  which  a  card  index  might  not  reveal.  Engineering  matter 
should  not  be  separated  by  reason  of  difference  in  size  but  by 
difference  in  subject.  A  distinction  will  have  to  be  made,  how- 
ever, for  office  letters,  catalogues,  mounted  photos,  specifications, 
blue  prints,  patents,  reports  of  the  nature  of  firm,  company,  or 
personal  business,  and  somewhat  different  methods  of  filing, 
as  are  preferred  and  have  been  tried  with  success.  They  are 
first  to  use  drawers  of  the  sectional  dimensions,  about  12  by  14 
inches,  arranged  in  convenient  cases  about  30  inches  deep,  and 
height  and  width  to  suit  the  size  of  drawer.     These  to  contain 


666  A  TECHNICAL   INDEX   AND   FILE. 

numbered,  lettered,  or  labelled  nianila  leaf  eoiiipartments,  each 
of  the  latter  containing  all  the  matter  pertaining  to  a  job,  case, 
consultation,  or  subject,  the  leaves  being  adjustable  as  to  space 
between;  second,  if  one  has  the  space  for  the  extra  bulk  and  wishes 
to  pay  more  for  his  files  in  order  to  keep  them  more  free  from 
injury  and  liability  to  misplacement,  there  are  to  be  had  the 
standard  letter  boxes  sold  by  all  stationers,  size  inside  about 
11  by  1  If  by  2f  inches  and  otherwise,  such  as  the  author  of  the 
regular  paper  describes  containing  manila  paper  compartments. 
These  files  if  placed  on  shelves  should  be  labelled  on  the  back  with 
subject,  and  on  the  inside  of  end  flap  with  subdivisions.  These 
boxes,  however,  are  clumsy  to  handle  and  very  heavy  if  filled 
solid  with  heavy  paper  matter,  biit  make  a  serviceable  file.  They 
can  also  be  arranged  in  drawers  so  that  their  weights  would  not 
have  to  be  lifted,  and  in  this  case  the  subjects  and  subdivisions 
are  on  the  lid. 

All  the  filing  systems  discussed  depend  on  the  disruption  of 
engineering  periodicals.  This  is  the  author's  practice  and  the 
writer's  also  with  but  slight  difi^erences. 

All  periodicals  and  societypublications  are  stripped  of  advertise- 
ments, which  are  destroyed,  as  they  are  largely  reiietitive  from 
number  to  nimiber;  but  it  is  not  the  writer's  practice  to  destroy  the 
portion  of  periodicals  containing  technical  matter,  nor  to  cut  out 
any  pertaining  to  other  branches  of  engineering.  These  are  re- 
tained imder  the  original  cover  and  filed  in  order  in  a  convenient 
]ilace  for  reference  in  ca.se  of  need.  In  this  connection  all  periodi- 
cals, indexes  to  volumes,  and  im])ortant  articles  in  back  numbers, 
should  be  kept  together  in  file  boxes  in  succession,  and  these  in 
themselves  form  most  valuable  lists  to  consult  for  articles  on  any 
subject,  if  not  found  in  the  filing  boxes  or  on  card  indexes.  En- 
gineers may  sometimes  forget  that  there  are  many  irregiilar 
papers,  and  matters  as  well  as  serial  ones  which  are  proper  for 
filing  under  any  subject  in  an  engineer's  filing  system.  The  com- 
plete list  might  be  as  follows,  say  for  the  subject: 

Engines. 
Engineering  periodicals — articles. 
Popular  magazines — articles. 
Advertisements  with  cuts. 
Lists  of  firms  manufacturing  engines. 
List  of  books  and  pamphlet  book-fliers. 
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Society  publications  about. 

Trade  catalogues  on. 

Drawings  of. 

Photographs  of. 

Government  departmental  reports  on. 

As  the  matter  accumulates  the  subject  of  engines  should  be 
divided  and  one  or  more  tiles  allowed  for  each  type,  viz. :  marine, 
stationary  land,  locomotive,  automobile,  pumping,  electric  power 
station,  etc.,  and  further  into  steam,  gas,  air,  oil,  electric,  heat, 
hydraulic,  rotary,  turbine,  etc. 

The  attention  of  all  publishers  should  be  called  to  the  certain 
conveniences  wliich  can  with  little  expense  be  arranged  in  their 
publications  for  engineers  seeking  to  file  their  engineering  matter 
in  the  manner  described  at  this  time.  They  could  greatly  assist 
in  making  their  publications  useful,  if  not  ornamental. 

First. — In  the  matter  of  uniformity  in  size,  which  is  not  of  very 
great  importance,  but  woTild  simplify  the  matter  of  filing. 

Second. — Important  articles,  if  not  all  articles,  should  be  ar- 
ranged to  begin  on  the  left-hand  page  of  a  leaf  and  end  on  the 
right-hand  page,  or  blank  pages  should  be  left  so  that  when  an 
article  is  removed,  no  portion  of  any  other  article  will  go  Avith  it. 
It  is  not  practiced  to-day  by  design  in  any  publication,  but  occa- 
sionally by  accident  it  happens  so.  These  blank  pages  or  parts  of 
pages  could  be  used  for  advertisements  in  the  same  line  as  the 
subject-matter  of  the  article,  or  as  in  the  case  of  some  of  the 
larger  sheets,  like  the  Engineering  News,  short  items  of  passing 
interest — miscellaneous  notes,  reviews,  current  prices,  bids,  work 
in  progress,  etc.,  could  be  used  to  fill  in  so  that  no  important 
article  would  overlap,  so  to  speak,  another  one,  rendering  the  loss 
of  a  portion  necessary. 

Third. — All  pages  of  a  periodical  should  have  the  date  of 
publication,  name  of  magazine  and  page  number  at  the  top  of 
each  page,  so  that  the  user  would  not  have  to  write  the  references 
on  each  article  taken  out. 

Fourth. — Volume  indexes  should  be  more  definite  as  to  dates, 
and  references  to  number  should  be  explained. 

Fifth. — Avoid  by  all  means  the  scattering  of  illustrations 
on  pages  containing  an  article  to  whicli  they  do  not  refer,  as 
many  publications  are  now  guilty  of  doing.  This  is  particularly 
annoying. 
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The  day  has  passed  when  the  working  engineer  can  liave  all 
his  literature  bound  up  as  it  eonies  and  set  on  shelves  convenient 
for  inspection,  as  is  done  in  libraries.  The  great  mass  of  peri- 
odicals remain  unbound,  and,  after  the  first  perusal  are  removed 
to  a  dusty  pile,  from  which  there  is  neither  the  inclination  nor 
the  time  to  remove  them  for  study  of  any  subject. 

Publishers  will  increase  their  sales  if  they  will  rearrange  their 
periodical  missives,  so  that  all  irrelevant  matter  can  be  easily 
removed  and  the  remainder  severed  into  complete  units  with 
title,  author,  date,  and  important  details  looked  after. 

Mr.  Gardner  T.  Voorhees. — Any  way  that  the  engineer  can  ar- 
range his  data  and  references  so  fliat  he  may  quickly  and  readily 
get  at  them  will  add  not  only  to  his  comfort,  but  also  to  his  efficiencj'. 

Mr.  Soule's  paper  is  of  interest  as  showing  a  very  simple  and 
practical  way  of  filing  and  accumulating  engineering  data.  We 
often  read  the  accoimt  of  some  piece  of  apparatus  in  one  of  the 
scientific  papers,  and  when  we  again  wish  to  find  it  for  reference, 
we  discover  that  the  paper  which  contained  it  has  been  loaned, 
lost,  or  forgotten.  We  know  that  the  desired  information  exists, 
but  we  cannot  find  it. 

The  Engineering  Magazine  has  appreciated  the  value  of 
clippings  from  magazines,  so  that  it  makes  a  special  point  of 
publishing  a  set  of  references  to  subjects  which  have  appeared  in 
most  of  the  scientific  papers.  It  stands  ready  to  supply  these 
clippings  from  any  paper  at  a  low  cost. 

When  I  read  the  advance  copy  of  Mr.  Soule's  paper  it  occurred 
to  me  that  its  discussion  would  give  me  a  good  opportunity  to 
advance  a  pet  scheme  of  mine  in  a  somewhat  similar  line.  We 
get  trade  catalogues  in  all  sizes,  shapes,  and  thicknesses.  Some 
are  works  of  art,  some  tell  us  things,  and  some  do  not.  However 
they  are  all  valuable,  because  a  man  never  knows  when  he  may 
want  some  information  regarding  some  particular  thing  described 
in  them.  Consequently  we  get  filing  cases,  boxes,  etc.,  and  set 
about  indexing  them  as  well  as  we  can,  with  the  result  that 
catalogues  of  some  one  subject  which  should  all  go  together  in  the 
file  are  so  small  that  they  get  lost  between  the  pages  of  others, 
and  some  are  too  large  to  get  into  the  filing  boxes  at  all.  The 
result  of  all  this  is  that  often  when  we  want  a  catalogue  it  has 
been  lost.  The  more  this  Society  ■will  use  its  influence  for 
amiformity  in  the  sizes  of  catalogues  the  better  it  will  be  for 
all  of  us. 
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For  descriptions  of  any  ordinary  apjiaratus  it  has  occurred  to 
me  that  if  the  mauiifacturers  wonld  avail  themselves  of  the  ad- 
vantages of  the  card  system  of  tiling  they  would  get  much  better 
results  from  the  reading  matter  which  they  send  out. 

The  three  principal  sizes  of  cards  in  inch  measurement  are 
5  by  3  inches,  6  by  4:  inches,  8  by  5  inches. 

These  are  about  the  same  size  as  the  metric  standard  cards  of 
12^  by  7^  inches,  15  by  10  inches,  20  by  12^  inches. 

In  each  case  the  metric  card  is  from  .05  inch  to  .13  inch 
shorter  and  narrower  than  the  inch  cards. 

Many  business  firms  have  of  late  been  sending  descriptions  of 
their  apparatus  through  the  mails  on  cards,  writing  the  address 
on  one  side  and  printing  the  cuts  and  descriptions  of  this  apparatus 
on  the  other. 

Would  it  not  be  valuable  to  the  engineer  if  manufacturers 
would  get  out  descriptions  and  cuts  of  their  apparatus  on  one  of 
the  three  standard  sizes  of  cards,  and  have  them  properly  indexed 
in  the  upper  left-hand  corner?  When  these  descriptive  cards 
came  in  our  mail,  we  could  readily  file  them  away  in  pasteboard 
boxes,  or  filing  cases,  for  fiiture  reference. 

When  we  write  to  a  manufacturer  for  descriptions  of  some 
pieces  of  apparatus,  how  much  better  it  would  be  for  us  if  it  would 
come  to  us  on  a  standard  size  of  card,  or  number  of  cards,  and 
how  much  less  expense  it  would  be  for  the  manufacturer,  than  to 
send  a  hundred  pages  or  so  of  stuff  that  we  may  never  look  at. 
I  suggest  that  members  of  this  Society  would  often  place  them- 
selves in  the  way  of  expert  eng-ineering  work  if  they  would  ex- 
change with  other  members  of  the  Society  properly  indexed  cards 
of  their  particular  line  of  engineering  as,  mechanical,  electrical, 
mining,  civil,  refrigerating,  gas,  etc.  If  this  card  system  could 
be  established  by  the  manufacturers,  and  in  fact,  by  any  one  desir- 
ing to  place  his  apparatus  or  services  before  the  attention  of 
others,  it  seems  to  me  probable  that  money  put  into  catalogues, 
business  cards,  etc.,  would  bring  better  returns  to  the  investor 
than  now. 

Mr.  H.  H.  Suplee. — Eeference  has  been  made  to  the  Engineer- 
ing Index,  and  as  the  matter  has  been  in  my  hands  for  a  number 
of  years,  and  we  probably  file  and  index  as  many  clippings  as  any 
one,  our  method  may  be  of  interest.  The  index  notes  are  written 
on  cards  and  are  carefully  filed  by  subjects,  but  the  clippings 
themselves  are  simply  numbered  serially.    The  result  is  that  when 
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the  cards  are  all  filed  we  have  a  complete  card  index  and  many 
bundles  of  clippings.  The  advertising  matter  is  trimmed  off  and 
the  clippings  folded  to  nearly  a  uniform  size;  they  are  then 
placed  in  bundles  of  100,  and  the  numbers — for  instance  10,201 
to  10,300 — printed  on  the  outside  of  the  bundle.  The  bundles 
are  arranged  in  serial  order  along  the  shelves  of  the  cases  in  which 
they  are  kept.  If  an  article  is  wanted  we  look  for  it  in  the  card 
catalogue  to  find  its  mimber,  and  at  once  go  to  the  clipping  of 
that  number  and  take  it  out.  If  there  is  a  gap  in  the  numbers 
we  know  that  a  clipijing  has  been  removed.  In  that  way  we  file 
700  to  800  clippings  every  month  from  about  200  periodicals  in 
four  or  five  languages,  and  have  recently  completed  a  volume 
which  meant  the  filing  and  indexing  of  more  than  40,000  items. 
The  point  I  wish  to  make  is  that  filing  the  clipj^ings  by  subjects 
and  also  indexing  them  by  subjects  is  simply  making  two  indexes, 
which  is  imnecessary.  "We  have  found  our  present  method  to 
work  very  well  indeed. 

Mr.  Geo.  L.  Fowler. — The  regular  indexing  of  engineering  lit- 
erature is,  of  course,  of  very  great  importance  to  the  engineer ;  but 
there  is  another  matter  which  I  have  found  to  be  of  the  greatest 
convenience  in  my  own  oflSce,  and  that  is  the  indexing  of  trade  cata- 
logues which  come  to  me.  This  Society  has  approved,  I  believe, 
as  much  as  it  can  approve  of  anything,  and  the  Master  Car- 
builders  and  Master  Mechanics  have  adopted  as  standards  certain 
sizes  of  catalogues  with  a  certain  definite  size  of  filing  case  for 
holding  those  catalogues.  It  was  pretty  thoi-oughly  advertised  at 
the  time,  and  I  am  sorry  to  say  that  most  manufacturers  abso- 
lutely and  totally  ignored  it.  It  is  of  the  utmost  importance  for 
the  convenience  of  an  engineer,  or  for  a  man  who  wants  to  file 
catalogues,  that  they  should  come  approximately  of  the  same  size. 
My  own  practice  is  to  keep  a  general  list  of  manufacturers  of 
various  articles  which  I  may  have  occasion  to  use  or  recommend. 
When  a  catalogue  comes  into  my  oflace  I  measure  it.  If  it 
measures  one  of  the  standard  sizes,  I  open  it,  go  through  every 
page  and  underscore  every  item  which  is  manufactured  by  the 
publisher  of  the  catalogue,  no  matter  how  insignificant  it  may  be, 
down  to  such  things  as  mandrels  and  taps  and  dies  and  hangers — 
little  things  which  are  of  no  apparent  importance,  and  are  perhaps 
side  issues  with  him — all  are  simply  underscored.  It  is  a  very 
large  catalogue  which  I  cannot  r\xn  through  and  underscore  in 
that  way  in  three  minutes.     Then  I  simply  throw  the  catalogue 
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aside,  my  assistant  takes  it  aud  makes  out  a  card  iudcx  of  every 
one  of  those  underscored  items,  aud  the  result  is  that  if  there  is 
a  gentleman  in  my  office  talking  about  a  matter  and  I  wish  to 
refer  to  some  underscored  item  he  is  talking  about — buying  some 
little  tool — I  can  smiply  ask  my  assistant  to  take  out  all  the  cata- 
logues in  the  office  which  deal  with  that  particular  thing,  and  they 
are  handed  to  me  at  once  with  a  delay,  perhaps,  of  a  half  a  minute. 
But  if  the  catalogues  do  not  measure  standard  size,  I  have  a  very 
convenient  waste-basket  at  my  left  in  which  I  deposit  them  ruth- 
lessly. I  have  nothing  to  do  with  a  catalogue  which  cannot  come 
up  to  the  standard  size.  I  happen  to  know  that  I  am  not  the  only 
one  who  treats  them  in  that  way.  I  think  that  men  in  charge  of 
railroad  work  are  doing  it  more  than  the  engineers  who  are  in 
other  practice,  becaiise  this  matter  of  the  standard  sizes  of  cata- 
logues was  brought  to  their  attention  more  forcibly  perhaps  than 
to  any  other  class,  and  I  can  simply  say  that  there  is  a  large 
number  of  engineers  in  the  country  who  have  a  waste-basket  for 
all  catalogues  that  do  not  come  to  standard  size,  and  a  very  con- 
venient filing  place  for  all  those  that  do. 

Mr.  H.  M.  Lane. — I  agree  with  the  last  speaker  fully  in  regard 
to  the  method  of  filing  cards  and  matter,  but  he  has  touched  upon 
one  point  which  I  have  carried  a  little  further.  During  the  last 
few  years  I  have  had  to  evolve  quite  a  number  of  filing  systems 
for  different  purposes.  In  the  system  I  am  at  present  using  I 
underscore  subjects,  just  as  he  does,  then  my  assistant  makes  out 
the  cards  and  files  them;  but  I  have  another  point  in  my  method 
which  enables  me  to  pull  out  any  set  of  references  by  the  roots 
and  destroy  it.  Ordinarily,  if  a  catalogue  is  discarded  there  is  no 
way  of  removing  the  cards  which  refer  to  it  in  the  files,  hence  the 
files  become  full  of  dead  cards,  and  any  one  hunting  for  material 
runs  down  a  great  many  references  for  which  he  finds  no  cata- 
logues. When  I  want  to  destroy  a  catalogue  I  go  through  the 
subjects  underscored  and  pick  out  all  of  the  cards  which  were 
made  out  for  the  underscored  items,  and  destroy  them.  When 
a  new  edition  of  a  catalogiie  comes  out,  T  first  underscore  all  of 
the  items  which  I  want  to  have  indexed  in  it.  My  assistant  then 
gets  the  old  catalogue  and  sees  if  the  old  reference  cards  cover 
the  new  catalogue.  If  there  are  any  cards  referring  to  the  old 
catalogue,  which  are  not  needed  as  references  to  the  new  catalogue 
they  are  looked  up  and  destroyed;  if  any  more  cards  are  required 
for  the  new  catalogue  they  are  made  out,  and  in  this  case  the  new 
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catalogue  is  filed  in  i)lace  of  the  old,  taking  the  same  number 
which  the  old  one  had.  In  casse  1  do  not  wish  to  destroy  the  old 
catalogue,  but  wish  to  file  the  new  one,  it  has  to  be  treated  as  an 
entirely  new  entry. 

Mr.  Oberlin  SmitJi. — I  believe  as  thoroughly  as  anybody  can  ir 
standard  sizes,  and  I  wish  wo  could  all  come  to  standards  for  cata- 
logues, but  the  brutal  method  just  referred  to,  of  entirely  destroy- 
ing what  does  not  come  up  to  the  standard,  seems  to  be  something 
like  martyrdom.  It  is  cutting  off  one's  nose  to  spite  one's  face. 
Because  a  perfectly  conscientious  maker  of  machinery  may  have 
made  the  mistake  of  getting  up  a  catalogue  ^  inch  the  Avrong  size, 
it  is  not  good  jjolicy  for  us  to  at  once  destroy  the  catalogue,  and 
the  information  it  contains,  by  throwing  it  away.  This  is  not 
the  way  to  deal  with  catalogues  which  do  not  come  to  our  stand- 
ard. If  this  Society  could  take  some  definite  action  on  sizes  it 
would  be  a  good  thing.  Those  catalogues  which  have  been 
standardized,  I  believe,  by  the  Master  Carbuilders  and  Master 
Mechanics'  Associations,  are  12  by  9  inches;  then  half  of  that, 
9  by  6  inches;  and  then,  instead  of  halving  again  as  they  should 
do,  they  go  down  to  6  by  3^,  or  something  of  that  kind.  I  have  for 
a  great  many  years  used  sizes  of  drawing  paper  tluis  halved,  start- 
ing with  36  by  24  inches;  then  24  by  18  inches;  then  18  by  12 
inches;  then  12  by  9  inches;  then  9  by  6  inches;  followed  by  6  by 
4^  inches,  4^  by  3  inches,  and  3  by  2^  inches  for  pads  of  sketching 
paper,  the  latter  being  ideal  for  the  upper  vest  pocket.  I  find  this 
of  the  greatest  convenience,  not  only  for  scale  drawing  paper,  but 
for  detail  drawing  mounted  on  tin  plate,  or  sheet  iron,  or  paste- 
board; also  for  memorandums,  for  card  indexes,  etc.  It  is  better 
to  keep  to  a  universal  standard  clear  through.  Catalogues  should 
conform  to  it,  and  it  is  very  convenient  to  have  catalogues  binarily 
sub-di^'ided  each  time  so  that  they  will  pile  up,  brick-fashion. 
Why  that  odd  size  was  put  in  the  present  so-called  standards,  I 
don't  know,  but  it  ought  to  be  remedied.  The  little  catalogue 
after  the  9  by  6  inches,  ought  to  be  6  by  4^  inches. 

Mr.  S.  Whinery. — One  criticism  of  the  method  of  card  indexing 
described  by  the  author  is,  that  the  references  do  not  give  a  suffi- 
ciently definite  record  of  the  character  of  the  matter  indexed, 
particularly  in  the  cas^e  of  articles  of  a  general  character  which 
are  not  devoted  to  one  specific  item.  It  is  always  unsatisfactory  to 
have  to  look  up  a  large  number  of  references  before  finding  just 
what  one  wants.    It  will  usually  save  time  if  the  index  gives  the 
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character  and  scope  of  the  article  to  which  reference  is  made,  even 
if  it  takes  additional  time,  and  costs  more  to  make  the  more  com- 
plete index. 

The  writer  puts  but  one  reference  on  each  card,  and  aims  to 
have  this  reference  convey  as  fully   as  reasonable  brevity  will 
permit  the  character  and  value  of  the  article  indexed.     Con- 
ventional symbols  are  used  for  the  sake  of  brevity  as  follows: 
T^=Very  valuable — full  and  detailed  infonuation. 
1^'  =  valuable. 
F^  =  worth  indexing,  but  not  very  important. 

An  underscore,  thus,  V_,  indicates  that  the  article  is  abstract  or 


SUBJECT 


Watei'  Power. 


ITEM     Plaint  of  St.  Croix  (3fi7in.)  Power  Co. 
REFERENCE     Efig.  Rec.  12,  1,  1900,  p.  514. 

©  y 

Abstract  of  pap.  before  Am.  List.  El.  Engs.  by 
H.  C.  Floy.,  eng.  in  dig. 


theoretical;  an  overscore,  thus,  F',  shows  that  the  article  is  de- 
scriptive or  practical. 
X  —  illustrated. 
©  =  very  fully  illustrated. 

Doubtless  a  better  scheme  of  symbols  can  be  devised;  this  was 
adopted  many  years  ago,  and  is  adhered  to  for  the  sake  of  uni- 
formity in  the  index. 

A  copy  of  a  card  (Fig.  277)  from  the  writer's  index  is  given  to 
show  the  form  used  and  to  illustrate  the  method  employed. 

Mr.  Soule.* — Taking  up  IMr.  Quick's  comments,  I  will,  at  the 
outset,  concede  that  two  of  his  points  were  very  well  taken,  and  I 
think  it  quite  likely  that  a  larger  card  than  the  one  which  I  have 

Author's  closure.  unHpr  the  Rules. 
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described  would  be  advantageous;  I  myself  bave  at  times  been 
puzzled  to  find  abbre\'iations  for  long  words,  and  enougb  of  them 
to  get  the  complete  entry  on  one  line  of  the  card.  Also,  it  would 
be  better  if  the  boxes  were  not  as  thick  as  3  inches;  that  is  par- 
ticidarly  so  in  the  larger  of  my  three  sizes;  there  is  no  difficulty 
in  the  small  or  intermediate  size;  they  can  be  handled  very 
rapidly.  But  when  you  take  the  large  size  box,  3  inches  thick, 
and  fill  it,  it  takes  pretty  near  a  man's  strength  tO'  handle  it, 
particularly  if  it  is  on  a  lower  shelf.  But  on  other  points  made  by 
Mr.  Quick,  I  must  disagree,  particularly  that  the  file  itself  should 
be  classified  by  subjects;  I  did  not  so  state  in  my  paper,  but  it 
was  one  of  the  vital  and  fundamental  points  on  which  I  based  my 
structure,  that  it  was  not  a  good  idea  to  undertake  to  classify 
the  enclosures  of  your  file,  because,  in  doing  so,  you  at  once  from 
the  very  outset  sacrifice  all  your  chances  for  compactness;  if  you 
are  going  to  adopt  a  system  of  classification  in  your  file  you  must, 
of  necessity,  leave  vacant  spaces  after  each  subject,  and,  therefore, 
multiply  very  rapidly  the  amount  of  storage  space  required ;  and  if 
you  have  an  office  in  lower  New  York,  and  have  to  pay  $3  per 
square  foot  per  year  for  your  floor  space,  these  considerations  of 
economy  of  storage  space  become  very  important.  As  to  Mr. 
Quick's  point  that  technical  papers  should  be  filed  in  full  and 
without  being  mutilated,  I  do  not  consider  that  at  all  necessary; 
but  perha2is  it  might  be  so  in  the  case  of  an  engineer  who  lived  at 
a  point  away  from  a  metropolitan  centre ;  situated  as  I  am  in  New 
York,  one  can  readily  get  access  to  the  files  of  all  the  technical 
papers,  and  I  do  not  feel  the  least  necessity  of  keeping  them  on  my 
own  shelves  after  having  culled  out  the  most  important  matter, 
put  it  in  my  file,  and  indexed  it. 

Two  or  three  of  the  gentlemen  have  laid  stress  on  the  im- 
portance of  uniform  sizes  for  trade  catalogues.  I  think  the  pros- 
pect of  securing  such  a  desideratum  is  almost  hopeless.  I  was 
identified  with  the  movement  in  the  Master  Mechanics'  and  Master 
Carbuilders'  Associations  to  secure  the  adoption  of  their  standards 
for  pamphlets  and  trade  catalogues;  those  two  Associations  are 
unique  in  the  one  particular  that  they  have  a  larger  following  of 
trade  representatives  attending  their  conventions  than  in  the  case 
of  any  other  association  in  this  country;  probably  more  than  half 
of  the  attendance  is  made  up  of  supply  men,  as  they  are  called, 
and  they  are  almost  part  and  parcel  of  the  Associations;  they  take 
part  in  the  deliberations,  not  officially,  but  between  times  and  on 
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the  porches  of  the  hotels,  and  they  carry  considerable  weight; 
some  of  their  representative  men  agreed  that  uniform  size  for 
pamphlets  and  trade  catalogues  was  a  very  desirable  thing,  and 
undertook  to  put  their  shoulders  to  the  wheel  and  accomplish  it, 
but  it  has  been  only  a  partial  success.  I  do  not  think  that  the  com- 
bined influence  of  all  the  technical  and  scientific  societies  in  this 
country  can  produce  any  more  results  in  that  respect  than  have 
already  been  accomplished. 

As  regards  the  treatment  of  obsolete  matter,  it  would  seem 
that  any  system  of  filing  which  can  be  devised  will  find  the  owner 
confronted  with  that  problem;  no  one  of  us  is  far-seeing  enough 
to  tell  what  matter  is  going  to  be  obsolete  even  five  years  from 
now,  and  we  all  lean  toward  the  safe  side  and  put  doubtful  matter 
into  our  files,  and  there  is  no  other  remedy  than  to  cull  oiit  the 
obsolete  matter  from  time  to  time,  if  required. 

I  would  like  to  emphasize  and  endorse  Mr.  Quick's  suggestion 
that  all  pages  of  a  periodical  should  have  the  date  of  publication, 
name  of  publication,  and  page  number  at  the  top  of  each  page, 
so  that  the  iiscr  would  not  have  to  write  the  reference  on  each 
article  taken  out.  Referring  to  Mr.  Whinery's  conmients,  it 
might  possibly  be  inferred  from  the  paper  that  but  one  index  card 
was  made  out  for  each  article  filed;  as  a  matter  of  fact,  however, 
several  index  cards  are  often  prepared,  particularly  for  articles  of 
a  general  character  such  as  Mr.  Whinery  refers  to,  or  articles 
which  embody  valuable  data  or  tabulated  matter  not  implied  by 
their  titles. 
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Wo.  947.* 

A    GRAPHICAL   DETERMINATION   OF  PISTON 
ACCELERATION. \ 

BY  J.   N.    LE   CONTE,   BERKELEY,   CAL. 

In  investigating  the  inertia  effects  of  the  reciprocating  parts  of 
the  steam  engine,  the  labor  of  computation  may  be  shortened  in 
many  places  \)\  the  introduction  of  graphical  processes.  These 
consist  of  geometrical  constructions  whereby  the  velocities  and 
accelerations  of  the  various  points  of  the  kinematic  chain  may  be 
determined  because  proportional  to  the  lengths  of  lines,  and  if  the 
scales  of  the  drawing  are  properly  selected,  their  absolute  values 
become  known. 

In  the  following  paper  a  method  is  presented  for  finding  the 
acceleration  of  the  cross-head  for  any  given  angular  position  of 
the  crank.  The  usual  graphic  solution  of  this  problem  is  the  one 
original^  given  by  Rittershaus  {Civil  ingenieur,  xxv.  s.  461),  which 
gives  the  required  quantity  as  the  difference  of  two  lines.  This 
construction,  however,  fails  at  the  dead  points,  where  the  accelera- 
tion is  a  maximum,  and  for  some  distance  on  each  side  of  these 
points  the  construction  is  poor.  The  method  given  below  finds 
the  acceleration  as  the  length  of  a  single  line,  but  it  involves  the 
use  of  the  instantaneous  centre  of  the  connecting  rod  with  respect 
to  the  engine  bed.  This  passes  to  infinity  when  the  crank  reaches 
the  90-degree  position,  and,  therefore,  for  some  distance  on  each 
side  of  this  the  construction  is  poor.  At  the  90-degree  position, 
however,  the  construction  is  perfectly  obvious. 

In  Fig.  278,  let  O  be  the  centre  of  the  shaft,  C  the  crank,  and  D 

*  Presented  at  the  Boston  meeting  (May,  1902)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Transac- 
tions. 

f  For  further  discussion  on  the  same  topic,  see  Trnnsactioiis,  as  follows  : 
Vol.  viii.,  p.  191  :  "Formula  for  Reciprocating  Parts  of  High  Speed  Engines." 

(Jeo.  I.  Alden. 
Vol.  xi.,  p.  492  :  "  Transmission  of  Force  in  a  Stesim  Engine."     D.  S.  .Jacobus. 
Vol.  xi.,  p.  1116  :  "  Transmission  of  Force  in  a  Steam  Engine,  Appendix."     D.  S. 
Jacobus. 
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the  wrist  pin.  Then  /is  the  instantaneous  centre  of  i?C referred 
CO  the  engine  bed.  Now,  when  the  velocity,  OV,  of  C  is  constant 
we  know,  by  a  famihar  proposition,  that  OS  is  proportional  to 
the  velocity  of  D.  This  proportionality  becomes  an  equality 
when  the  scale  of  velocities  is  such  as  to  make  the  velocity  of  0 
equal  to  the  crank  throw  OC,  or  when  V=  li.  Since  OS  is 
proportional  to  the  velocity  of  D,  and  since  it  is  measured  from 
a  fixed  point  0  in  an  invariable  direction,  the  acceleration  of  D, 


Fig.  278. 


which  is  proportional  to  the  time  rate  of  change  of  OS,  will  be 
proportional  to  the  velocity  of  S  along  0  Y. 

Rittershaus  also  employs  the  rate  of  change  of  OS  to  find  the 
acceleration  of  J).  He  expresses  OS  as  a  function  of  other  quanti- 
ties, and  finds  its  rate  of  change  by  the  method  of  differentiation. 
That  is  to  say,  calling  08  =  y,  OD  =  x,  and  angle  ODC  =  a, 


y  =  X  tan  a, 


da 


dy      dx  ^  X 

dt      dt  cos -a  dt 


He  then  proceeds  to  work  out  a  graphical  construction  for  each 
of  the  terms  entering  the  equation. 

In  the  present  instance  we  merely  consider  the  axis  of  the  rod 
Z>C  as  extended  beyond  OY.  Then /S*,  when  considered  a  point 
of  DC,  is  moving  at  riglit  angles  to  SI.  With  /as  a  centre  and 
radius  equal  to  /C,  project  0  on  the  arc  of  a  circle  to  N.  Then 
the  velocity  of  C,  which  is  constant,  is  equal  to  the  velocity  of  N', 
and  the  velocity  of  S  is  ST,  by  obvious  construction.     Then  by 
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drawing  7"?/"  parallel  to  CZ>,  we  find  SIT  equal  to  the  velocity 
of  5"  along  OY.  YLexice  SU  is  proportional  to  the  acceleration 
of  D.  Since  the  acceleration  of  Cis  equal  to  cax  (velocity  of  C), 
where  w  is  the  angular  velocity  about  0,  the  scale  of  accelera- 
tions will  be  tax  (scale  of  velocities),  or,  as  Y=  R,  the  scale  of 
accelerations  will  be  such  that  OC  =  lioa^.  In  other  words,  the 
scale  of  velocities  must  be  such  that  OC\s  equal  to  the  velocity 
of  C,  and  that  of  accelerations  such  that  (9C  is  equal  to  the 
acceleration  of  C. 

At  the  dead  centres  the  construction  reduces  to  a  very  simple 
form.  Taking  the  dead  centre  on  the  head  end,  O  and  TV  will 
coincide  with  H,  I  will  fall  upon  D,  S  will  come  down  to  0,  and 


ST&nA  iS'Cwill  unite.     This  simplified  construction  is  shown  in 
Fig.  279. 

Now,  returning  to  Fig.  278  it  is  evident  that  SU  is  also  pro- 
portional to  the  force  necessary  to  accelerate  a  given  mass  at  D, 
and  we  merely  need  to  choose  a  proper  scale  to  make  S  U  repre- 
sent Force.  All  confusion  which  might  arise  in  choosing  these 
scales  can  be  avoided  by  the  following  simple  device.  The  force 
necessary  to  accelerate  a  mass  M  at  D  when  the  crank  is  on  the 
dead  centre,  can  be  simply  computed,  for  the  analytic  expression 
for  the  acceleration  reduces  to  an  exceedingly  simple  form  at  this 
point.     Calling  this  force  F^,  we  have : 

F^=  -  MBc^  (1  +  n\ 

where  n  is  the  ratio  of  crank  to  connecting  rod  lengths,  or: 

7? 
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Having  calculated  this  force  in  pounds,  or  other  units,  we  lay  it 
oflf  to  any  convenient  scale  as  OU^,  Fig.  279,  join  TJa  to  Z>o,  and 
HY,  the  pi'oper  scale  of  velocities,  immediately  becomes  known. 
This  same  length,  HV,  can  then  be  used  all  around  the  crank 
circle  to  get  other  values  of  the  inertia  forces  at  D  on  the  same 
scale  as  F^. 

A  simple  example  will  serve  to  explain  the  method  still  better. 
Let  the  weight  of  the  mass  moving  with  rectilinear  translation  at 
D  be  40  pounds,  the  thi'ow  of  the  crank  be  4  inches,  and  the 


Fig.  280. 

length  of  the  connecting  rod  be  2  feet.     If  the  engine  makes  300 
revolutions  per  minute : 


F,= 


1       (<i,n  X  300\'  A       1\ 


40 
32.2 

476.77  pounds. 


Choosing  a  scale  of  forces  equal  on  the  original  drawing  to  200 
pounds  to  the  inch,  we  lay  off  Fq=  O  Uq  =  2.38  inches,  Fig.  280. 
Then  .^F=2.04  inches.  When  the  crank  stands  at  C,  the  30- 
degree  position,  F—SU—  356  pounds. 
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The  following  advantages  would  seem  to  be  gained  by  the  use 
of  the  above  method. 

1.  The  construction  is  the  simplest  and  most  effective  at  the 
dead  points,  where  the  analytical  expression  for  acceleration  is  the 
simplest  also. 

2.  The  length  representing  the  acceleration  is  given  by  a  single 
line,  and  not  by  the  differerence  of  two ;  hence  the  variation  in 
the  acceleration  can  be  studied  to  greater  advantage. 

3.  The  length  SU  can  be  made  to  represent  forces  or  accelera- 
tions on  any  scale  whatever  without  practical  difficulty. 

4.  The  construction  for  obtaining  the  velocity  of  8  along  0  T 
s  not  obtained  from  complex  analj^sis,  but  can  be  seen  on  the 
face  of  the  drawing. 

The  defect  of  the  method  is,  that  for  ordinary  values  of  n,  the 
instantaneous  centre  /passes  be^'ond  convenient  reach  when  the 
crank  is  between  about  45  degrees  and  135  degrees ;  but,  as  has 
been  said,  the  construction  is  obvious  at  the  90-degree  position, 
and  one  point  on  the  inertia  curve  in  that  region  is  generally 
sufficient. 
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SUPPLEMENTARY  REPORT  OF  THE  COMMITTEE  ON 
STANDARD  PIPE    UNIONS. 

After  the  presentation  of  the  report  of  your  Committee  on 
"  Standard  Pipe  Unions,"  and  before  its  publication,  a  communi- 
cation was  received  from  a  prominent  manufacturer  containing 
criticisms  of  certain  parts  of  the  designs  submitted.  This  com- 
munication was  in  reply  to  a  letter  from  your  Coimnittee  enclos- 
ing drawings  and  tables  of  dimensions  of  the  designs  of  proposed 
standard  malleable  unions  prepared  by  them  and  subsequently 
submitted,  sent  to  eleven  prominent  manufacturers  of  unions 
requesting  suggestions  and  criticisms.  Since  these  criticisms 
reached  us  too  late  for  consideration  in  oiir  report — and  in  view 
of  the  absence  of  discussion  of  same  when  presented — we  deem  it 
important  to  submit  this  suijplementary  report. 

A  copy  of  the  report  submitted  at  the  ISTew  York  meeting  was 
sent,  under  date  of  April  8,  1902,  to  the  same  manufacturers  to 
whom  the  first  letter  was  addressed,  who  were  again  requested 
to  criticise  it  and  oiler  any  suggestions  for  improvements  in  the 
designs.  An  invitation  was  also  extended  to  send  a  representa- 
tive to  this  meeting  to  take  part  in  the  discussion  which  we  hope 
to  bring  out.  Replies  have  been  received  from  four  manufac- 
turers. 

One  will  send  a  representative  to  this  meeting. 

Two  believe  that  the  metal  in  some  parts  of  the  designs  sub- 
mitted should  be  thicker. 

One  thinks  that  the  imions  are  generally  too  long,  another  that 
they  are  too  short;  while  one  endorses  also  the  first  and  fourth 
objections  submitted  by  the  manufacturer  making  the  most  defi- 
nite obi'ections  to  the  Committee's  designs,  which  we  give  below 
in  full: 


♦Presented  at  the  Boston  mHetinfi;  (Mny.  10031  nf  the   American   Society  of 
MechanicMl  Eneineers,  and  forming  part  of  Volume  XXHI.  of  the  Transactions. 
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"First.  The  extension  A  on  the  thread  (Fig.  281)  is  beUeved  to  be  unneces- 
sary, adding  to  the  length  of  the  coupHng,  and  to  all  purposes  can  be  provided 
for  by  bevelling  off  the  thread  at  an  angle  of  45  degrees,  thereby  affording  pro- 
tection to  the  thread  and  at  the  same  time  making  it  easier  to  enter  the  ring. 

"Second.  The  lip  B  on  the  swivel  or  tail-piece  appears  to  be  longer  than  re- 


FiG.  281. 

quired.  One-thirty-second  inch  over  the  thickness  of  packing,  or  say,  -^i  inch, 
would  appear  to  be  sufficient.  This  long  hp  interferes  materially  in  apringing 
the  thread  and  bottom  together  when  making  a  short  connection. 

"  Third.  The  bead  C  (Fig.  282)  on  the  outer  edge  of  the  thread  and  bottom 


piece  interferes  materially  with  holding  in  jaws  or  chucks  for  threading,  and 
would  be  better  provided  for,  if  material  is  required  for  strength,  by  slightly  add- 
ing to  the  thickness  of  the  metal,  say  h  inch. 

"  Fourth.  The  section  D  (Fig.  283)  on  the  bottom  is  too  heavy  in  proportion 
to  the  section  E,  and  will  result  in  loose  material  and  consequent  leakage. 


"  Fifth.  The  length  of  the  union  it  would  appear  might  be  shortened,  while  at 
the  same  time  preserving  fuU  length  in  both  thread  and  bottom  end. 

"  Sixth.  The  ogee  on  the  ring  might  be  replaced  to  good  advantage  by  clean 
sweep  or  curve  from  the  flat  for  the  WTench  to  the  face  of  the  ring.  The  fillet 
of  the  ogee,  especially  on  small  sizes,  is  apt  to  catch  and  hold  sand,  which  in  gal- 
vanizing interferes  with  clean  smooth  work. 
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"  Trusting  that  these  few  suggestions  may  be  of  some  value  to  you  and  thank- 
ing you  for  your  courtesy  in  addressing  us  on  the  subject,  we  remain." 

Your  Committee  have  considered  the  objections  raised  with  the 
following  results: 

First.  The  extension  A  referred  to  in  the  communication, 
was  not  considered  unduly  long  by  your  Committee  in  order  to 
secure  the  proper  protection  of  the  threaded  external  portion  of 
the  union.  Should  it  be  found,  however,  that  this  could  be  advan- 
tageously shortened  by  the  test  of  actual  experience,  such  short- 
ening would  in  no  wise  affect  the  question  of  interchangeability 
which  is  of  the  most  vital  importance. 

Second.  The  above  remarks  also  apply  to  the  objection  that  the 
lip  B  is  too  long. 

Third.  It  is  considered  that  the  bead  C  adds  considerably  to 
the  strength  of  the  union  in  the  most  economical  and  least  ob- 
jectionable manner.  It  is  also  believed  that  special  chucks  will 
generally  be  used  for  holding  this  part,  with  which  the  bead  would 
not  be  objectionable;  but  both  it  and  the  ribs  mil  assist  in  hold- 
ing the  work  with  properly  prepared  special  chucks. 

Fourth.  An  examination  of  a  considerable  number  of  broken 
imions  did  not  disclose  loose  material  at  D,  although  in  some  in- 
stances this  may  occur.  If  so,  the  suggestion  made  to  lighten 
at  this  point  would  seem  the  proper  remedy,  and  could  be  done 
without  changing  any  of  the  established  dimensions. 

Fifth.  The  length  given  in  column  Xo.  18  of  the  recommended 
design  was  adopted  after  careful  consideration  of  the  length  re- 
quired to  properly  grasp  the  union  with  pipe  tongs,  etc.,  and  it 
is  believed  that  this  is  not  excessive,  but  is  advantageous  and 
desirable. 

Sixth.  The  ogee  on  the  ring  was  selected  mainly  to  improve 
the  appearance,  and  can  be  changed  to  a  single  curve  if  the  ogee 
is  found  to  interfere  vnth.  smooth  work  either  in  moulding  or 
galvanizing. 

E.  M.  Herr, 

A.    S.    VOGT, 

George  M.  Bond,  !-  Committee. 

William  J.  Baldwin, 
Stanley  G.  Flagg,  Jr.,  . 

Mr.  W.  D.  Forbes. — I  want  to  offer  a  criticism  on  this  union. 
You  all  know  that  with  the  advancing  pressures  we  meet  trouble 
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with  unions.  It  seems  to  me  as  I  iiuderstand  this  to  be  the  union 
as  settled  on  by  the  Conmiittee,  there  are  some  things  radically 
wrong  about  it.  I  call  your  attention  to  this.  Between  the  parts 
is  a  soft  packing.  It  ought  to  be  held  in  so  that  when  the  steam 
pressure  comes  on  its  inside  edge  it  cannot  be  bloAvn  away.  In 
the  union  shown  we  have  no  supjwrt  for  this  soft  packing  at  all. 
There  seems  to  be  in  it  a  thoroughly  useless  obstruction  to  the 
flow  of  steam,  and  this  shoulder  at  B  should  be  on  the  outside; 
in  other  words,  put  the  packing  so  that  when  the  pressure  comes 
on  it,  it  will  not  blow  out ;  and  it  will  not,  if  supported  on  the  out- 
side, especially  if  instead  of  a  straight,  the  two  faces  are  tapered  as 
when  the  steam  strikes  the  packing,  it  will  tend  to  make  it  tighten. 
The  face  of  the  union  should  be  tapered,  and  if  so  made  tends  to 
become  self-tightening. 

Mr.  H.  H.  Suplee. — I  should  like  to  call  attention  to  a  point 
which  I  think  has  been  not  considered  perhaps  in  this  coupling 


Fig.  384. 


and  in  nearly  all  pipe  fittings;  that  is,  that  little  or  no  attention 
has  been  jjaid  to  making  the  interior  of  such  a  shajie  as  to  dimin- 
ish the  friction  or  resistance  to  the  flow  of  the  liquid.  Any 
change  in  cross  section  results  in  eddying  and  in  loss ;  and  instead 
of  cupping,  as  a  matter  of  fact,  the  fitting  should  be  really  so 
made  that  the  bore  is  nearly  uniform.  Then,  when  the  pipe  is 
screwed  in,  it  will  come  up  practically  so  as  to  meet  an  opening 
of  its  own  diameter,  so  that  the  cross  section  of  the  opening  will 
.be  neither  enlarged  nor  reduced  anywhere  in  the  fitting.  This 
will  reduce  the  resistance  to  flow  very  materially,  and  can  be  used 
for  any  fitting.  I  know  there  have  been  some  experiments  made 
with  special  fittings  of  that  sort  with  very  great  advantage  as  far 
as  resistance  to  flow  is  concerned. 

Fig.  284  shows  three  types  of  fittings,  all  elbows  in  this  case, 
but  the  same  principle  can  be  applied  to  unions,  and  it  will  be  seen 
that  in  the  fitting  on  the  right,  after  the  pipes  have  been  screwed 
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in  there  will  be  practically  no  variation  in  the  diameter  of  the 
bore,  and  the  resistance  to  the  flow  will  be  a  niiuimum. 

Mr.  Forbes. — If  that  were  connnercially  possible,  it  would  be 
first  rate,  but  it  is  not,  as  you  bring  your  tap  up  against  a  bot- 
tom. Then,  again,  the  thread  might  not  be  tight  when  the  pipe 
is  screwed  in  to  the  shoulder. 

Ilr.  CarJeton  W.  Nason. — I  would  take  exception  to  Mr. 
Forbes's  first  criticism.  Xo  well-informed  steam  engineer  would 
think  of  using  a  union  with  a  soft  packing  for  high-pressure 
steam.  Such  should  never  be  used  where  a  right-and-left  coup- 
ling or  flange  imion  can  be  inserted.  Where  this  is  impossible 
the  union  should  have  a  metal  seat,  and  by  using  a  ground  surface 
on  the  approximately  spherical  faces,  as  is  done  in  a  number  of 
kinds  in  the  market,  an  accommodation  of  angles  can  be  secured 
which  is  impossible  with  packing  of  any  sort. 

Mr.  Suplee  has  evidently  overlooked  the  commercial  require- 
ment that  in  running  a  tapping  machine  the  tap  becomes  so  worn 
after  being  used  some  time  that  it  must  be  advanced  further  into 
the  fitting.  It  is,  therefore,  necessary  to  have  a  recess  beyond 
the  thread  for  the  nose  of  the  tap  to  enter;  otherwise  it  would 
be  necessary  to  grind  off  the  end  of  the  tap  after  every  500  holes 
or  so. 

2Ir.  E.  21.  Herr.* — I  would  like  to  say  one  word  more  in  re- 
gard to  that  obstruction  of  flow;  that  is,  that  it  is  more  apparent 
than  real — in  fact,  it  does  not  exist.  When  the  pipe  is  in,  it  will 
be  found  by  examining  the  actual  union  that  the  smallest  diame- 
ter offers  no  obstruction  to  the  flow.  This  diameter  is  that  of 
the  inside  diameter  of  the  pipe,  and  there  is  absolutely  no  ob- 
struction, except  from  the  change  in  shape,  which  is  unavoidable. 
On  account  of  the  difiiculty  of  forming  a  sound  casting,  if  you 
have  the  same  thickness  of  metal  carried  through,  it  is  necessary 
to  make  an  inside  enlargement  at  D,  Fig.  28.3.  The  change  in 
section  was  carefully  considered  and  made  as  slight  as  is  con- 
sistent with  practical  foundry  requirements. 

*  Author's  closure,  under  the  Rules. 
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A    METHOD   OF  DETERMINING    THE    TEMPERATURE 
OF  EXHAUST  GASES. 

BY  B.  H.  PEBNALD,  NEW  TORK. 

(Aesociate  Member  of  the  Society.) 

1.  In  preparing  detailed  specifications  and  instructions  for  con- 
ducting tests  of  gas  engines  (paper  No.  950  presented  before 
this  Society  at  this  meeting)  the  attention  of  the  writer  was  di- 
rected to  the  necessity  of  an  accurate  and  inexpensive  method  of 
determining  the  temperatures  of  exhaust  gases.  This  problem 
had  apparently  received  little  attention,  at  least  not  sufficient  to 
develop  any  simple  means  of  making  accurate  determinations.  In 
cases  in  which  the  results  seemed  to  be  reasonable,  the  apparatus 
used  was  far  too  expensive  or  too  delicate  for  ordinary  conditions, 
and  efforts  were  at  once  centred  upon  the  desired  solution. 

2.  In  the  books  at  hand  on  engine  tests,  no  mention  is  made 
of  any  method,  and  even  in  the  very  recent  report  of  the  com- 
mittee appointed  by  this  Society  "  To  Codify  and  Standardize  the 
Methods  of  Making  Engine  Tests,"  the  committee  says  (paragraph 
XX.)  :  "The  computation  of  temperatures  corresponding  to  various 
points  in  the  indicator  diagram  is,  at  best,  approximate.  It  is  pos- 
sible only  when  the  temperature  of  one  poiiit  is  known  or  as- 
sumed, or  when  the  amount  of  air  entering  the  cylinder  along 
with  the  charge  of  gas  or  oil,  cmd  the  temperature  of  the  exhaust 
gases  are  determined.''''  In  the  fine-print  detailed  instructions 
under  the  same  paragraph  the  report  states,  "  T'  may  be  taken 
as  the  temperature  of  the  exhaust  gases  leaving  the  engine,  pro- 
vided the  engine  is  not  of  the  '  scavenging '  type." 

Again,  in  referring  to  the  value  represented  by  T  in  formula 
B  of  the  same  paragraph  is  found  the  expression,  "  If  T  be  the 
observed  temperature  of  the  exhaust  gases." 

*  Presented  at  the  Boston  meeting  (May,  1902)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Transactions. 


DETERMINING   THE    TEMPERATURE    OF    EXHAUST    GASES. 


687 


3.  While  references  thus  made  indicate  the  necessity  of  obtain- 
ing these  temperatures,  yet  nowhere  in  the  report  is  there  any 
suggestion  of  a  metliod  of  making  these  determinations.  Even 
if  pyrometers  and  thermometers  are  regarded  as  sufBciently  ac- 
curate, yet  no  measurements  made  at  or  near  the  muffler  can  give 
the  true  temperature  of  the  exhaust  gases  unless  proper  correc- 
tions be  made  for  the  fluctuations  in  pressure.  This  at  first  ap- 
pears to  present  little  difficulty,  but  more  careful  thought  shows 
the  fallacy  of  the  first  imj)ression. 

Consider  for  a  moment  the  action  taking  place  at  the  opening 


Fio.  285. 


of  the  exhaust.  Although  the  gases  in  the  cylinder  have  under- 
gone rajjid  expansion  after  explosion,  yet  the  expansion  is  far  from 
complete,  and  at  the  point  of  release  the  pressure  is  still  relatively 
high,  as  shown  by  a  glance  at  Fig.  285. 

4.  At  the  instant  the  exhaust  opens  there  is  an  outrush  of  gases 
at  this  high  pressure  and  correspondingly  high  temperature.  Then 
follows,  upon  the  forward  stroke  of  the  engine,  a  flow  of  a  large 
mass  of  gases  through  the  exhaust  port,  at  a  pressure  little  above 
that  of  the  atmosphere  and  at  a  temperature  necessarily  less  than 
that  of  the  first  discharge.  In  order  to  make  the  succession  of 
events  more  appai'ent  an  indicator  was  attached  directly  to  the  ex- 
haust pipe,  and  the  cards  obtained,  as  shown  in  Figs.  286  and  287, 
verified  the  statements  just  made  in  regard  to  the  action  taking 
place  within  the  pipe.  The  diagrams  represent  the  same  condi- 
tions, the  spring  used  for  Fig.  286  being  only  one-half  as  heavy  as 
that  used  in  Fig.  287. 

5.  There  is,  as  it  were,  a  mixture  of  pressures  in  the  exhaust 
pipe  and  muffler,  and  also  a  corresponding  mixture  of  tempera- 
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tm-es,  which  must  rapidly  adjust  themselves  to  an  equilibrium  of 
pressures  and  of  temperatures. 

Temperatures  determined  at  the  muffler  are,  therefore,  not  the 
temperatures  corresponding  to  the  pressure  at  exhaust,  but  those 
corresponding  to  a  much  lower  pressure,  which  is  not  determined. 


This  accounts,  no  doubt,  for  the  very  low  values  of  exhaust  tem- 
peratures which  have  been  reported  even  by  recognized  authorities 
upon  gas-engine  problems. 

The  problem,  therefore,  resolves  itself  into  the  determination 
of  the  temperatures  of  the  exhaust  at  some  known  pressure. 

6.  As  a  matter  of  simplicity  atmospheric  pressure  was  the  natu- 
ral selection,  and  a  method  was  at  once  sought  for  reducing  the 


exhaust  gases  to  atmospheric  pressure  without  losing  any  of  the 
heat  to  which  they  are  entitled. 

It  was  at  once  decided  that  a  receiver,  of  a  form  to  be  deter- 
mined, should  be  placed  close  to  the  exhaust  outlet  of  the  engine, 
and  some  means  devised  for  admitting  the  exhaust  gases  and  al- 
lowing their  "pressure  to  fall  to  that  of  the  atmosphere.  The  de- 
sired temperature  could  then  be  ascertained. 
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1.  What  the  form  of  the  receiver  should  be  was  not  at  first 
apparent,  and,  as  practically  no  information  could  be  found  bear- 
ing upon  the  subject,  the  problem  was  reduced  to  one  of  experi- 
ment. 

The  first  steps  in  the  development  were  necessarily  very  crude 
and  the  results  were  of  value  only  as  furnishing  a  basis  upon 
which  to  judge  future  determinations,  and  as  such  were  of  great 
value. 

The  first  experiments  were  conducted  as  follows :  Two  cylinders 
of  sheet  iron  were  made,  one  ten  inches  in  diameter  and  the  other 
fourteen.  They  were  sixteen  inches  high.  The  ten-inch  cylinder, 
after  being  generously  perforated  near  the  bottom,  was  placed 
inside  the  fourteen-inch  cylinder,  the  latter  having  several  deep 
notches  cut  out  at  the  top.  A  cover  of  the  same  material,  and 
fifteen  inches  in  diameter  was  made,  with  a  central  hole  about  two 
and  one-half  inches  in  diameter,  through  which  the  exhaust  pipe 
from  the  engine  could  be  passed.  A  T  was  placed  as  close  to  the 
exhaust  outlet  of  the  engine  as  possible,  and  from  it  one  line  of 
pipe  was  run  directly  to  the  exhaust  mufller,  as  usual,  and  the 
other  line  brought  out  horizontally  and  at  right  angles  to  the  first, 
and  then  directed  downward  to  the  receiver  just  described,  the  end 
of  the  pipe  projecting  about  two  inches  through  the  cover,  into 
the  inside  cylinder.  Fig.  288  gives  a  rough  idea  of  the  arrangement. 

8.  Valves  were  inserted  in  both  pij^es,  so  that  the  passage  of 
the  gases  to  the  receiver,  or  to  the  mufiler,  or  to  both  at  once,  could 
be  regulated  at  will. 

In  the  receiver  the  gases  were  passed  downward  through  the 
inside  cylinder,  out  through  the  perforations  and  upward  between 
the  two  cylinders,  finally  passing  out  through  the  notches  in  the 
top  of  the  outside  cylinder.  The  object  of  this  arrangement  was 
to  prevent  any  direct  draught  or  chimney  action,  which  would 
cause  an  inrush  of  cold  air  at  the  bottom  as  soon  as  the  inlet  valve 
was  closed.  Two  holes,  large  enough  to  receive  the  thermom- 
eters, were  punched  in  the  cover,  one  midway  between  the 
centre  and  the  inner  wall  and  the  other  about  one-half  inch  from 
the  inner  wall.  There  was  no  expectation  tliat  temperatures  even 
approaching  correctness  could  be  obtained  by  this  arrangement, 
but  such  a  preliminary  step  was  essential  in  order  to  have  values 
with  which  future  results  could  be  compared. 

9.  The  exhaust  was  directed  to  the  receiver,  and  after  being 
allowed  to  flow  until  the  cold  air  in  the  receiver  was  entirely 
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expelled,  was  shut  off  and  the  thermometers  quickly  inserted. 
The  gases  were  now  held  in  the  receiver  at  atmospheric  pressure. 
The  pressure  before  closing  the  inlet  was  much  greater,  but 
dropped  almost  instantly  to  that  of  the  atmosphere   when  the 


Fig.  288. 


valve  was  closed.  The  difference  in  the  readings  of  the  two  ther- 
mometers, one  near  the  wall  of  the  cylinder  and  the  other  about 
two  inches  from  the  wall,  was  not  sufficiently  marked  to  be  of 
importance.     The  temperatures  observed  were : 


370  degrees  Fahr. 

394  degrees  Fahr. 

398  degrees  Fahr 

395   " 

372 
370 

400 

10.  Various  problems  were  now  to  be  considered.  Radiation 
and  conduction  from  the  cylinders  to  the  outside  air  might  be  so 
rapid  as  to  vitiate  the  results.     The  thermometers  might  be  af- 
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fected  by  radiation  from  the  inside  walls.  Radiation  from  the 
iron  exhaust  pipe,  which  projected  into  the  cylinder,  might  make 
the  readings  too  high.  Longer  runs  might  tend  to  cause  the  cylin- 
ders to  store  up  heat. 

Many  such  difficulties  had  to  be  considered,  and,  no  data  being 
found  bearing  directly  upon  the  subject,  the  experiments  were 
continued. 

An  asbestos  lining  was  now  placed  in  the  outside  cylinder,  and 
the  temperatures  obtained  were : 

474  degrees  Fatir.  511  degrees  Fahr.  525  degrees  Fahr. 

640       "  "  552        "  "  517 


Evidently  the  gases  were  retained  at  a  much  higher  tempera- 
ture than  before,  but  were  these  higher  temperatures  due  to  ex- 
cessive storing  up  of  heat,  or  simply  to  the  prevention  of  excessive 
radiation  ?  A  similar  lining  was  also  placed  in  the  inside  cylinder 
and  the  temperatures  immediately  shot  up  to  over  600  degrees 
Fahr.,  which  were  unquestionably  far  too  high.  In  all  of  the 
above  experiments  radiation  through  the  cover  was  prevented  by 
an  asbestos  Kning. 

11.  After  considering  cylinders  of  various  materials,  a  clay 
fire  flue  10  inches  in  diameter  was  secured  and  used  in  place  of 
the  inner  iron  cylinder,  the  outside  iron  cylinder  with  its  asbestos 
lining  being  retained.     The  temperatures  now  recorded  were : 


360  degrees 

Fahr. 

484  degrees 

Fahr. 

585  degrees  Fahr. 

388 

498 

560 

405 

512 

564 

442 

541 

554 

465 

552 

569 

469 

554 
567 

576 

These  figures  seemed  to  indicate  a  gradual  storing  of  heat  from 
the  first  to  about  560  degrees  Fahr.,  when  the  readings  became 
more  constant,  but  not  sufficiently  so  to  warrant  the  conclusion 
that  the  apparatus  was  nearly  correct. 

The  conclusions  at  once  reached  were  that  the  volume  for  the 
gases  was  too  small  and  the  thermometers  too  near  the  walls.  The 
absorbing  of  heat  by  the  receiver  must  also  be  prevented.     In 
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studying  this  problem  it  was  seen  to  be  undesirable  to  allow  the 
gases  to  enter  the  receiver  at  such  high  pressures  and  tempera- 
tures, and  that  it  would  be  of  great  advantage  to  admit  the  gases 
at  a  pressure  and  temperature  little  above  those  desired  at  the  time 
of  reading  the  thermometers.  This  would  do  away  to  a  large 
extent  with  the  tendency  of  the  receiver  walls  to  store  up  heat, 
as  at  no  time  would  they  be  excessively  heated. 

12.  The  proper  throttling  was  secured  by  the  device  shown  in 
Fig.  289. 

It  consists  of  a  2-ineh  T  with  a  plug  in  the  top,  through  which 
passes  a  ^-inch  bolt,  and  a  nipple  and  cap  in  the  bottom;  the  bolt 


is  supported  by  a  helical  spring,  and  in  turn  supports  at  the  bottom 
a  flat  iron  disk  which  rests  against  the  2-iuch  cap — the  bottom  of 
the  cap  being  freely  perforated. 

By  screwing  doM'n  the  nut  at  the  top,  against  the  spring,  any 
desired  resistance  to  the  passage  of  the  gases  can  be  obtained,  and 
at  the  same  time  any  tendency  to  wire-drawing  is  obviated,  as 
would  not  be  the  case  if  the  tlirottliiig  were  done  by  means  of  the 
valve  in  the  pipe  alone. 

Before  experimenting  to  any  extent  witli  this  device  for  reduc- 
ing the  pressure,  a  new  clay  fire  flue,  18  inches  in  internal  diame- 
ter, with  cover  of  the  same  material,  was  obtained.  In  order  as 
far  as  possible  to  prevent  any  radiation  to  the  thermometer  from 
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the  iron  i3ipe  delivering  the  gases  to  the  receiver,  the  lower  end 
of  the  device  was  allowed  to  pass  barely  through  the  cover,  ex- 
tending not  over  an  inch  below  the  inner  face. 

13.  The  bottom  of  the  receiver  was  notched  in  several  places 
to  allow  free  passage  of  the  gases  from  within.  The  gases  were 
thus  received  at  the  top,  passing  downward  and  out  at  the  bottom. 


A  rubber  band  3  inches  wide  was  bound  about  the  bottom  of  the 
receiver,  thus  acting  as  a  flap  valve,  the  pressure  of  the  gases 
entering  the  pot  forcing  the  band  outward,  but  the  falling  of  the 
band  preventing  any  inrush  of  cold  air  when  the  admission  of  the 
exhaust  to  the  receiver  was  stopped.  In  Fig.  290  is  shown  the 
completed  receiver  as  attached  to  the  engine. 

Many  series  of  experiments  have  been  carried  on  by  means  of 
this  device,  with  most  satisfactory  results.  With  the  feed  so  ad- 
justed that  the  exhaust  entered  the  receiver  at  a  pressure  but  little 
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above  that  of  the  atmosphere,  the  storing  of  heat  in  the  walls  was 
practically  prevented. 

14.  In  case  the  exliaust  was  delivered  to  the  receiver  for  an 
hour  or  more  without  ceasing  there  was  a  slight  rise  in  tem- 
perature, but  as  in  practice  the  exhaust  is  cut  off  about  every  10 
minutes  no  difficulty  is  experienced  from  this  cause. 

The  pressure  under  which  the  exhaust  enters  the  receiver  does 
not  have  to  be  closely  regulated,  as  a  slight  difference  does  not 
affect  the  resulting  temperatures,  when  taken  at  atmospheric 
pressure. 

Especially  satisfactory  results  have  been  obtained  when  the 
pressure  was  so  regulated  that  the  temperature  of  the  gases  in 


the  receiver,  while  under  pressure,  was  between  50  degrees  and 
100  degrees  above  the  temperature  at  atmospheric  pressure. 

15.  One  or  two  preliminary  tests  will  quickly  determine  what 
this  temperature  should  be.  The  temperatures  recorded  from  the 
new  receiver  did  not  range  from  400  degrees  Falir.  to  over  600 
degrees  Fahr.  but  were : 


200  degrees  Fahr. 

203  degrees  Fahr. 

203  degrees  Fahr 

19.5 

201 

200 

195 

203 
203 

200 

The  radiation  from  the  receiver  was  not  large.  The  walls  were 
1  inch  thick  and  the  hand  could  at  all  times  be  held  on  the  outside. 

Any  change  in  the  conditions  tending  to  change  the  tempera- 
tures of  the  exhaust  is  quickly  noticed  by  a  corresponding  change 
within  the  receiver.  For  example,  if  the  point  of  ignition  be 
changed,  a  corresponding  change  in  temperatures  is  immediately 
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observed.      With  the  point  of  ignition  as  shown  by  the  diagram, 
Fig.  291,  the  following  tcmpfratiux's  were  recorded  : 


199  degrees  Fahr. 

197  degrees  Falir. 

197  degrees  Fahr 

198 

196 

198 

198 

196 
199 

198 

Fig.  292. 

16.  With  the  ignition  retarded  as  shown  by  Fig.  292,  the  tem- 
peratures were : 

210  degrees  Falir.  210  degrees  Fabr.  207  degrees  Fahr. 

216         "  "  212        "  '■  213 

214        "  "  311         "  •'  209 

210 

While  making  this  particular  series  of  experiments  on  points 
of  ignition,  the  engine  became  stalled  when  set  for  a  certain  point 
of  ignition  and  refused  to  run.     The  igniter  was  removed  and 


found  to  be  badly  burned.     It  was  adjusted  for  sharper  contact 
and  a  new  series  of  readings  taken. 

An  immediate  drop  of  about  50  degrees  in  the  temperature  re- 
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suited,  showing  at  once  the  quick  response  of  the  receiver  to 
changed  conditions.  The  spark  was  now  sharp  and  short,  while 
previously  the  condition  of  the  sparker  was  such  that  it  was  "  hold- 
ing fire." 

The  new  series  on  the  variation  of  the  point  of  ignition  resulted 


Fig.  294. 


as  follows,  the  temperatures  in  each  column  corresponding  to 
the  point  of  ignition  shown  in  the  diagram  having  the  same  num- 
ber as  the  column  of  temperatures : 


For  Fig 

293. 

For  Fig.  294. 

For  Fig.  295. 

151  degrees  Fahr. 

166 

degrees  Fahr. 

172 

degrees  Fahr. 

149 

" 

168 

" 

176 

"    " 

151 

" 

168 

" 

178 

" 

153 

" 

167 

" 

175 

" 

152 

" 

167 

.. 

178 

« 

17.  Owing  to  the  size  of  the  receiver  and  to  the  necessity  of 
having  other  connections  made  to  the  engine,  the  exhaust  pipe 


Fig.  295. 


leading  to  the  receiver  was  longer  than  desired,  having  a  drop 
of  about  1  foot  and  a  horizontal  length  of  27  inches. 

The  question  of  the  necessity  of  covering  the  pipe,  to  prevent 
excessive  radiation  in  conducting  the  hot  gases  to  the  receiver, 
was  quickly  settled  by  the  following  temperatures  obtained: 
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Covered. 
155  degrees  Falii; 
1.55 
1.54 
156 
1.58 
1.58 
158 
160 


Not  Covered. 
160  degrees  Falir. 
1.58 
1.58 
15:5 
156 
157 
1.56 
157 


Having  become  satisfied  that  the  apparatus  as  outlined  was  work- 
ing witli  a  reasonable  degree  of  accuracy,  the  next  stej")  was  to 
devise  a  receiver  whicli  can  bo  erected  quickly  and  cheaply,  as  it 


is  not  always  convenient  to  procure  a  fire  flue  of  the  right  size. 
Accordingly,  a  receiver  was  built  of  ordinary  brick  laid  together 
loosely,  as  shown  in  the  cut,  Fig.  296. 

IS.  This  receiver  was  made  of  two  layers  of  brick,  the  inside 
layer  being  laid  on  the  face  and  breaking  joints,  the  outside  layer 
being  laid  on  edge,  thus  breaking  joints  both  verticallyand  horizon- 
tally with  the  inner  layer.  Wliile  the  cracks  furnished  sufficient 
passages  to  prevent  any  overcharging  of  the  receiver,  yet  the  break- 
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ing  of  the  joints  prevented  direct  draughts,  or  inrush  of  cold  air. 
As  first  constructed,  the  volume  of  the  new  receiver  was  made 
equal  to  that  of  the  18-inch  fire  flue  previously  used,  and  the  fire 
flue  cover  was  fitted  to  the  new  receiver.  The  results  were  highly 
satisfactory,  the  temperatures  being  the  same  as  before. 

The  interior  was  then  partially  filled  with  brick  until  the  volume 
was  reduced  from  ](i  I>y  Hi  by  23  to  16  by  16  liy  1.'],  and  again 
tested,  with  the  same  results. 

In  all  of  these  tests  with  the  two  larger  receivers  the  thermom- 
eter bulbs  were  kept  about  4  to  7  inches  away  from  the  walls 
and  from  the  entering  pipe.  In  the  last  receiver,  when  partially 
filled  with  brick,  the  thermometer  bulbs  were  placed  about  the 
same  distance  from  the  cover  and  bottom. 

19.  It  seems  unnecessary,  therefore,  to  have  excessive  volume, 
but  there  must  be  sufficient  space  so  that  the  thermometer  bulbs 
shall  not  be  too  near  the  retaining  walls.  Experiment  indicates 
that  the  figures  suggested  for  these  distances  are  about  right. 

During  the  test  the  valve  leading  to  the  muffler  in  the  main 
exhaust  is  kept  wide  open,  unless  the  exhaust  pipe  is  larger  than 
is  needed  for  the  quantity  of  exhaust,  and  the  valve  in  the  pipe 
leading  to  the  receiver  is  opened  as  desired.  It  is  necessary  to 
expel  fully  the  cold  air  in  the  receiver  before  any  readings  can 
be  taken. 

With  the  larger  receiver  and  an  8  horsc-ijower  engine  this 
required  about  20  minutes.  The  time  can  be  much  reduced  when 
desired,  by  careful  manipulation  of  the  valves  after  one  becomes 
familiar  with  the  api:)aratus. 

20.  It  is  of  great  value  to  keej)  suspended  within  the  receiver 
at  all  times  a  thermometer  of  sufficient  range  not  to  be  broken 
by  accidental  increase  of  temperature.  In  the  initial  warming 
of  the  receiver  this  tliermometer  will  readily  show  when  the  tem- 
perature has  become  constant.  It  also  serves  as  a  very  efficient 
guide  in  adjusting  the  j^ressure  as  controlled  by  the  inlet.  For 
most  of  the  readings  taken  the  pressure  was  so  regulated  that  this 
permanent  thermometer  recorded,  while  the  gases  were  still  under 
pressure,  temperatures  from  50  degrees  to  70  degrees  Fahr.  higher 
than  the  final  temperatures  at  atmospheric  pressure. 

The  clay  cover  not  being  obtainable  in  all  cases,  gave  way  to 
one  made  of  2-inch  plank,  chinked  with  cotton  waste,  and  this  has 
proved  entirely  satisfactory. 

21.  Previous  methods  of  measuring  the  temperatures  of  the 
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exhaust  have  in  most  cases  furnished  results  which  were  surpris- 
ingly low,  and  not  until  Professor  Robertson's  paper  on  "  An  Effi- 
ciency Test  of  a  One-hundred-and-twenty-five  Horse-power  Gas 
Engine  "  (Vol.  XXI.  Transactions  A.  S.  M.  E.,  p.  396),  has  the 
writer  seen  a  series  of  temijeratures  for  the  exliaust,  which  seemed 
reasonably  accurate.  Professor  Robertson  secured  by  means  of  a 
copper-ball  calorimeter  values  above  1,000  degrees  Fahr.,  and  in 
one  instance  records  1,209  degrees  Fahr.,  occasioning  this  remark 
by  Professor  Thurston :  "  The  possibilities  of  still  further  thermo- 
dynamic gain  are  indicated  by  the  temperature  of  the  exhaust 
gases,  above  1,000  degrees  Fahr.,  and  far  above  that  of  the  prime 
steam  of  our  steam  engines." 

In  Professor  Robertson's  second  paper  ujaon  the  same  subject 
(Transactions,  Vol.  XXII.,  p.  612)  he  reports  temperatures  of  the 
exhaust,  as  found  by  a  La  Chatelier  pyrometer,  ranging  from 
1,410  degrees  Fahr.  to  1,805  degrees  Fahr.,  and  states:  "These 
temperatures  appear  to  be  rather  high — so  high  in  fact  that  the 
author  has  examined  other  data  at  hand  to  see  if  any  confirmation 
of  the  above  figures  could  be  found." 

It  is  the  opinion  of  the  writer  that  the  last  figures  quoted  by 
Professor  Robertson  are  not  far  from  correct  for  the  engine 
tested,  but  the  pyrometer  used  is  far  too  expensive  and  requires 
too  much  special  apparatus,  as  well  as  special  calibration,  to  make 
its  use  possible  in  most  tests. 

22.  It  takes  but  a  moment's  consideration  of  the  problem  to 
show  that  very  little  if  any  thermodynamic  gain  is  possible  by 
any  attempted  reduction  of  the  temperatures  of  exhaust,  in  the 
average  gas  engine  of  good  modem  design,  unless  accompanied 
by  a  reduction  of  the  terminal  pressure  as  shown  by  the  exjian- 
sion  curve. 

23.  With  teiTuinal  pressures  ranging  near  50  pounds  it  is 
quickly  sho^vn  that  the  exhaust  temperatures  must  of  necessity 
be  much  higher  than  generally  recorded.  Suppose,  for  example, 
that  the  expansion  line  of  the  card  shown  in  Fig.  293  be  continued 
to  full  cylinder  volume,  as  shown  by  the  point  H. 

The  pressure  at  H  is  found  to  be  50  pounds  absolute.  Suppose 
the  temperature  of  the  mixture  in  the  cylinder,  composed  of  air 
and  gas,  taken  in  during  the  suction  stroke  and  mixed  with  the 
neutral  gases  filling  the  clearance  space,  to  be  only  as  high  as 
that  of  the  room,  say  70  degrees  Fahr.,  or  529  degrees  absolute 
at  the  point  .1,  Fig.  293. 


700  DETERMINING   THE    TEMPERATDKE    OF    EXHAUST    GASES. 

Since  the  volmue  at  TI  is  the  same  as  that  at  A,  the  absolute 
temperatures  will  be  proportioned  to  the  absolute  pressures,  or  i± 

Ta  —  absolute  temperature  at  A  =529  degrees, 

jPa  =  absolute  pressure  at  ^1  =  14.7  pounds, 

J^i,  —  absolute  jiressure  at  H  =  50  pounds, 
then  Tft,  the  absolute  temperature  corresponding  to  the  pressure 

at  H  will  be  derived  from  1\=tJ^.  T„  =  629  jf.  =  1,800  de- 

grccs  absolute  or  1,3-il  degrees  Fahr.  with  the  temperature  of  the 
mixture  taken  at  70  degrees  Fahr.  only.  Actually  the  tempera- 
ture of  the  mixture  is  much  higher  than  this,  and  by  means  of 
the  new  apparatus  described  in  this  paper  this  temperature  is 
readily  deduced.  The  temperature  secured  at  atmosi^heric  pres- 
sure by  means  of  the  exhaust  receiver  is  the  temperature  of  the 
neutral  gases  that  fill  the  clearance  space  of  the  cylinder.  The 
method  for  determining  the  temperature  of  the  mixture  after 
having  obtained  the  temperature  of  the  exhaust  gases  is  described 
in  detail  in  paragraph  29  of  paper  No.  950,  presented  at  this 
meeting. 

DISCUSSION. 

Mr.  A.  J.  Frith. — The  method  of  the  author  of  only  measur- 
ing the  temperature  of  the  gases  quiescently  at  atmospheric  pres- 
sure appears  to  be  unquestionably  correct.  We  are  all  aware 
of  the  erratic  results  obtained  and  recorded  in  many  tests  of  ex- 
haust gases  and  steam  temperature ;  and  as  it  was  evident  that  the 
temperatures  as  given  could  not  be  correct,  it  has  been  believed 
that  these  low  figures  indicated  a  loss,  due  to  an  absorption  of 
heat,  occasioned  by  the  contact  of  the  hot  gases  with  the  metallic 
surfaces  of  the  valve  and  its  seat,  and  could  not  be  eliminated. 
It  would  appear  that  at  least  a  large  part  of  this  difference  in 
temperature  M-as  the  result  of  the  change  of  pressures,  and  the 
method  described  certainly  allows  of  our  obtaining  figures  which 
are,  to  say  the  least,  very  nearly  reliable. 

I  would  ask  Mr.  Fcrnald  whether  he  has  noticed  anything  in 
his  experiments  which  would  indicate  whether  a  loss  of  heat  by 
direct  contact  with  the  metallic  surfaces  of  the  valve  is  appreciable, 
and  what  it  might  amount  to  in  percentages  or  degrees. 

Mr.  II.  II.  Siiplee. — I  should  like  to  call  attention  to  some  tests 
which  have  been  made  in  the  mechanical  laboratory  of  the  Tech- 


DETERMINING   THE   TEMPERATURE   OF   EXHAUST   GASES. 


701 


iiical  High  School  at  Karlsruhe  hy  Professor  Straus.  In  the 
course  of  some  tests  of  an  Otto  gas  engine  he  ohserved  that  there 
wa.s  considerable  energy  in  tlie  exhaust  gases,  and  saw  that  if  this 
were  not  taken  into  account  there  might  be  a  material  error  in 


the  heat  balance.  He  therefore  devised  a  special  form  of  calori- 
'leter  for  measuring  both  the  heat  and  the  mechanical  energy  in 
the  exhaust  by  converting  the  latter  into  heat,  and,  as  the  matter 
is  of  some  interest,  I  append  an  account  of  the  apparatus  and  its 
•  use.     A  full  account  of  it,  with  data  and  results  of  tests,  will  be 
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found  in  the  Zeitschrift  des  Vereines  Deutscher  Ingeiiieure  for 
May  3,  lDO-2,  pp.  64i»,  650. 

As  shown  in  Fig.  297,  the  calorimeter  consists  of  a  tall  cylindri- 
cal chamber  .i,  made  of  wood  encased  in  sheet-iron,  supported  on 
a  base  B,  and  containing  an  inner  chamber  C,  and  pijiing  EE, 
together  with  the  water  inlet  F,  and  discharge  G.  The  exhaust 
gases  from  the  gas  engine  enter  at  a,  passing  directly  into  the 
inner  chamber  C,  which  in  this  case  is  made  of  three  sections  of 
an  old  Meidinger  furnace.  This  chamber  is  closed  by  lids,  bolted 
on  top  and  bottom,  and  is  provided  with  a  small  hole  c,  for  the 
escape  of  the  water  produced  by  the  combiistion.  From  the  top 
of  the  chamber  C  connect  six  sets  of  pipes  EE,  arranged  in  a 
circle,  these  extending  first  upwards  and  then  by  the  use  of  two 
elbows  do^vIlwards  nearly  to  the  bottom  of  the  main  chamber. 
The  exhaust  gases,  after  having  passed  through  these  pipes,  have 
nearly  all  their  force  abstracted,  and  pass  quietly  upwards  and  off 
through  the  pijie  h,  into  the  outer  air. 

The  overflow  chand)er  II  at  the  top  maintains  a  uniform  pres- 
sure of  water,  and  by  a  cock  e  the  flow  into  the  calorimeter  can 
be  regulated.  The  water  enters  at  g  and  flows  to  the  cylinder 
jacket  by  the  pipe  /;  h  being  an  overflow.  The  temperature  of 
the  inflowing  water  is  taken  by  the  thermometer  /,  after  which 
the  water  passes  the  four  sprays  kJc,  thus  mingling  with  and 
cooling  the  exhaust  gases,  and  collecting  at  the  bottom  and  flow- 
ing off  by  the  outlet  pipe  G,  the  discharge  temperature  being  taken 
by  the  thermometer  K.  In  the  water-seal  at  the  bottom  p  it  is 
easy  to  observe  whether  the  level  is  raised  by  any  pressure  within 
the  calorimeter,  in  which  case  the  flow  of  cooling  water  is  in- 
creased \mtil  the  pressure  is  removed.  We  thus  have  the  neces- 
sary data  to  determine  the  entire  energy  delivered  in  the  exhaust 
gases — namely,  the  temperature  of  the  inflowing  water,  and  of 
the  discharge,  and  the  volume  of  water,  this  latter  being  deter- 
iiiincd  by  having  the  discharge  deliver  from  0  into  a  calibrated 
tank.  The  gases  have  their  mechanical  energy  checked  and  thus 
converted  into  heat,  and  the  whole  quantity  of  heat  is  ab- 
sorbed by  the  water,  and  so  put  into  shape  for  precise  measxire- 
ment. 

In  the  case  of  a  test  described  by  Professor  Staus,  the  sum  of 
the  heat  in  the  indicated  work,  the  cooling  water  in  the  jacket, 
and  the  discharge  water  from  a  calorimeter  of  the  above  type, 
came  within  l.S  per  cent,  of  equalling  the  total  heat  of  combustion 
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of  the  illuminating  gas  supplied  to  the  engine,  as  determined  by 
the  Junker  calorimeter. 

Mr.  Feniald.^ — In  answer  to  the  questions  in  regard  to  tem- 
perature, the  temperatures  recorded,  200  degrees  Fahrenheit,  are 
the  temperatures  of  the  exhaust  gases  at  atmospheric  pressure. 
The  exhaust  pressure  at  the  point  of  release  is  approximately  50 
pounds — that  is,  40  to  50  pounds  per  square  inch.  "When  the 
calculations  were  made  for  the  temperatures  corresponding  to 
those  pressures,  the  resulting  temperatures  of  1,000  to  1,800  de- 
grees Fahrenheit  follow.  The  temperatures  directly  measured  are 
for  atmospheric  pressure  and  not  for  the  pressure  at  which  the 
exhaust  leaves  the  engine. 

In  regard  to  temperature  of  the  passage  through  the  valves,  I 
have  no  record.  It  would  be  a  very  ditficult  point  to  determine. 
The  question  of  defect  due  to  the  radiation  of  pipes  leading  to  the 
receiver  was  checked  carefully  with  pipes  covered  and  uncovered, 
and  no  serious  defects  were  found  when  the  engine  was  exploding 
regularly. 

*  Author's  closure,  under  the  Rules. 
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No.  »50.* 

WORKING   DETAILS   OF  A    GAS  ENGINE   TEST.-f 

BY  R.   H.   PERNALD,  ST.  LOUIS,  MO. 

(Associate  Member  of  the  Society.) 

1.  Considering  tlie  rapid  advance  of  tlie  gas  engine:}:  during 
the  past  few  years,  it  is  surjirising  to  find  how  little  has  been  done 
toward  standardizing  such  engines,  or  at  least  toward  adopting 
some  form  of  test  whereby  a  definite  idea  of  the  relative  merits 
of  different  engines  can  be  obtained.  Of  late  years  the  market 
has  been  crowded  with  various  types  and  modifications  of  heat 
engines,  especially  of  the  explosive  type,  many  of  which  are  mere 
freaks  and  of  little  or  no  value. 

2.  Although  a  very  few  types  have  received  thecarefulattention 
of  the  expert,  many  engines  thro^vn  upon  the  market  are  the  re- 
sults of  a  desire  to  invent,  with  the  possible  chance  of  "  hitting 
the  right  thing,"  or  are  the  product  of  dull  times  in  machine  shops. 

Although  in  the  case  of  the  steam  engine  occasional  forms  are 
produced  having  entirely  new  features,  yet  the  tendency  is  to  con- 
form closely  to  a  general  standard  which  usage  and  careful  inves- 
tigation have  sho'wn  to  be  desirable. 

3.  Similar  standards  should  be  adopted  for  the  gas  engine  as 
rapidly  as  possible.  This  does  not  prohibit  or  discourage  inven- 
tion or  modification,  which  are  very  essential  in  the  present  con- 
dition of  these  engines,  but  something  should  be  done  to  classify 
and  standardize  those  already  on  the  market,  thus  determining 
what  experience  and  study  have  thus  far  shown  to  be  good  form. 

*  Presented  at  the  Boston  meeting  (May.  1902)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Transactions. 

\  For  further  references  on  this  subject  see  Transaction:!  as  follows: 
Vol.  xsii.,  p.  152:  "Efficiency  of  a  Gas  Engine  as  Modified  by  Point  of  Igni- 
tion."    C.  V.  Kerr. 
Vol,  xxii.,  p.  612:  "Efficiency  Tests  of  a  Onebundred  and  Twenty-five  Horse- 
power Gas  Engine."     C.  H.  Robertson, 
t  The  term  "gas  engine"  is  used  throughout  this  paper  to  include  engines 
commonly  termed  oil  engines. 
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The  problem  in  its  entirety  is  a  large  one,  and  will  require  many 
months  or  perhaps  years  of  continued  investigation  and  study. 
With  this  fact  in  mind,  the  writer  has  imdertaken  a  few  months' 
study  of  the  subject,  and  although  unable  more  than  to  begin  the 
work,  the  results  so  far  obtained  may  prove  of  interest  to  this 
Society. 

•i.  Before  the  engines  can  be  standardized  some  definite  method 
of  determining  the  relative  merits  of  different  engines  must  be 
settled  upon,  and  this  leads  at  once  to  the  necessity  of  a  standard 
method  of  testing  gas  engines,  which  will  form  the  special  part  of 
the  problem  herein  discussed. 

It  is  of  interest,  before  taking  up  in  detail  the  method  of  con- 
ductiug  the  tests,  to  note  some  of  the  items  which  require  careful 
investigation  and  study  for  a  proper  classification  of  the  engines. 
Much  of  the  data  desired  is  simply  for  general  information, 
and  to  obtain  the  views  of  the  manufacturer  on  certain  points  and 
to  determine  what  he  considers  good  practice. 

Other  information  is  needed  because  it  enters  into  any  test  of 
tlio  engine  wliich  may  be  made,  while  other  questions  lead  toward 
a  classification  of  such  engines  into  general  divisions.  Although 
time  has  not  permitted  the  testing  of  sii.'a  data  sheets  practically, 
yet  the  following  general  form  serves  as  a  basis  for  beginning  the 
investigation  and  experience  alone  can  determine  the  necessary 
modifications  and  additions: 

GAS   ENGINE   DATA. 
No Test  No 


1 .  Name  of  Engine 

2.  Manufactured  by 

3.  Is  it  two  or  four  cycle  ? 

4.  Kind  of  fuel  used 

5.  Assumed  heat  of  combustion  of  fuel  = B.  T.  U.  per 

6.  Actual  horse-power 

7.  Floor  space  occupied 

8.  Heiccht,  wheels  to  clear  floor 

9.  Weight 

10.  N^umber  of  cylinders 

11.  How  are  cylinders  arranged  if  more  than  one? 

12.  Diameter  and  weight  of  flywheel.     Diain.=    ins.     Wgt.  = lbs. 

13.  Diameter  and  width  of  brake  pulley.     Diam  = ins.     Width  = ins. 

14.  Diameter  of  piston  = Ins.     Xjength  of  barrel  =  ...  .   ins.     No.  rings 

15.  Piston  displacements cu.  ft.     ('learance= .    cu.  ft. 

1(!.   Length  of  strokes: ins.     Length  of  connecting-rod  = ins. 

17.  Revolutions  per  minute= 

18.  Kind  of  governor 

19.  Method  of  governing 

20.  Special  governor  features     

81.  Kind  of  ignition  :  (A),  hot  tube  ;  (i?i.  flame  ;  (l"'\.  electric. 

»-  ,  .,   j  {«)  location . (6)  dimensions 

^^'    /  (c)  how  heated 
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If  (B) 


If  (P)- 


(a)  kind (6)  size  of  flame  port 

(c)   special  features 

(  (1)  current  required (3)  voltage. . 

(a)  contact  sparli  -j  (3)  battery  recommended  ...(4)  number.. 

(  (5)  specifications  of  coil 

I  (1)  current  required (2)  voltage. . 

(3)  liind  of  plug (4)  location  . 

(5)  battery  recommended. .  .  .(6)  number  . 
(7)  specifications  of  coil 


(6)  jump  sparli 


32.   Kind  of  valves 

23.  Special  features  of  valve  mechaniam 


24.  Diameter  of  (a)  gas  valve ins.;  (6)  air  valve ins.;  (<•)  mixture  valve 

ins. ;  (d)  exhaust  valve ins. 

25.  Lift  of  (a)  gas  valve ins. ;  (6)  air  valve ins. ;  (c)  mixture  valve 

ins. ;  (d)  exhaust  valve ins. 

(((/)  carburettor 

26.  Kind  of  l  (b)  vaporizer    

( (e)   mixer 

27.  Means  of  maintaining  constant  proportions 

28.  Jlethod  of  fuel  feed .....'.'.'.'.'.'.'.".'.'.'. ...  .'.'.'.'.V.......V...... . .   .'.....!!!!! 

29.  Number  of  water  inlets diameters 

30.  Number  of  water  discbarges diameters 

31.  Best  rate  of  water  feed    

82.  Kind  of  mufiler 

33.  Dimensions  of  muffler 

34.  Does  muffler  use  water  ? 

35.  Means  for  preventing  noise  at  air  inlet 


.ms. 
.ins. 


36.  Kind  of  gas  bag 

37.  Dimensions  of  gas  bag 

38.  Means  of  clearing  engine  of  exhaust  gases. 


39.  Devices  for  starting  or  aiding  starting. 


5.  The  investigations  which  liave  developed  the  details  of  con- 
ducting tests  have  been  carried  on  at  the  mechanical  laboratory 
of  Columbia  University  during  the  present  college  year.  The 
various  experiments  have  been  developed  largely  from  work  on  a 
6  X  12^  Otto  engine,  and  a  6  x  9  Nash  engine.  Much  time  has 
been  devoted  to  working  out  many  details  and  to  following  inciden- 
tal suggestions  which  offered  themselves  as  the  work  progressed, 
and  it  is  proposed  to  present  rather  fully  many  important  points. 

This  may  seem  unnecessary  to  those  already  familiar  with  such 
work,  but  it  is  believed  that  this  part  of  the  paper  may  prove  of 
interest  and  value  to  those  who  propose  undertaking  such  tests  for 
the  first  time.  For  this  reason  some  of  the  difficulties  and 
errors  which  are  likely  to  occur  are  especially  emphasized. 

6.  It  is  hardly  necessary  to  offer  any  explanation  of  the  items 
called  for  in  the  "  log  "  of  the  test,  as  information  may  be  ob- 
tained regarding  each  of  these  points  from  the  details  of  the 
corresponding  items  which  appear  in  the  final  report.     The  form 
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of  "  log "  appended  is  found  to  be  convenient  for  making  the 
preliminary  records : 

Date 

Log  of Gas  engine  test Test  No 

By 

Object 

Length  of  brake  lever ft. 

Weight  of  brake  lever lbs. 

Cubic  feet  of  vg^por  per  pound  of 

AVeight  of  gallon  of lbs. 

1.  Number  of  run 

2.  Time 

3.  Speed  and  explosions,  revolutions  per  minute,  hand  indicator 

4.  "  "  reading  of  speed  counter 

5.  "  "  explosions  per  minute,  special  count 

6.  "  "  reading  of  explosion  counter 

7.  Total  load  on  scales lbs. 

8.  Temperatures,  degrees  Fahr.  or  Cent.,  gas 

9.  "  "  "  "       air 

10.  "  "  "  "       jacket  water,  entering 

11.  "  "  "  "  "  "       leaving 

12.  "  "  "  "  "  "       barrel 

13.  "  "  "  "       exhaust,  observed 

14.  "  "  "  "  "        at  pressure  of  atmosphere .. . 

15.  Valve  index  reading,  gas 

16.  '•  "  "  air 

17.  Areas  of  valve  openings,  gas  or  vapor sq.  ins. 

18.  "  "  "  oil " 

19.  "  "  "  air " 

20.  "  "  "  mixture " 

21.  "  '  "  exhaust    " 

22.  Weights  and  volumes,  weight  of  jacket  water lbs. 

23.  '  ■  "  reading  of  gas  meter,  cu.  ft or  gals,  of 

24.  "  "         reading  of  air  meter 

25.  "  "  gas  for  igniter cu.  ft. 

26.  Indicator  springs  used,  power  card 

27.  "  "  "      compression  card 

28.  Pressures,  gas.  Inches  of 

29.  "  air.  indies  of 

30.  "  jacket  water,  lbs.  per  sq.  in 

31.  "  exhaust,  lbs.  per  sq.  in 

Remarks 

7.  Before  entering  upon  a  discussion  of  a  complete  test  of  a 
gas  engine  it  is  necessary  to  establish  certain  standard  units. 
Without  question  the  proper  unit  for  the  energy  derived  from  the 
fuel  used  is  the  "  British  Thermal  Unit,"  which  has  been  adopted 
throughout  this  country  and  England,  and  is  designated  in  this 
paper  by  the  usual  symbols,  B.  T.  U.  In  like  manner  the  term 
horse-power  is  used  to  designate  the  rate  of  work,  and  I.  H.  P. 
and  B.  H.  P.  have  their  usual  significance,  meaning  indicated 
horse-power  and  brake  horse-power  respectively. 

Further  explanation  of  the  units  used  will  develop  during  the 
examination  of  the  final  report.  It  is  hardly  necessary  to  touch 
upon  the  proper  methods  of  calibration  of  instruments  to  be  used, 
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with  the  exception  of  special  instruments  or  instruments  used 
under  special  conditions,  as  this  subject  has  been  so  fully  treated 
in  many  previous  publications.  These  cases  will  be  treated  under 
their  respective  heads. 

PEELIMINAEIES    OF   THE   TEST. 

8.  Before  beginning  the  test  it  is  very  essential  to  see  that  the 
engine  is  in  good  running  order,  thoroughly  oiled,  and  properly 
adjusted.  All  valves  should  be  carefully  examined  and  adjusted. 
All  connections  to  the  engine,  whether  fuel,  air,  or  water,  should 
be  tested  for  leakage. 

Special  note  should  be  made  of  any  points  out  of  the  ordinary, 
and  if  they  are  of  such  a  nature  as  to  affect  the  results  of  the  test, 
the  difficulties  should  be  set  right  as  far  as  possible,  and,  when 
this  cannot  be  done,  careful  estimates  should  be  made  of  the 
changes  in  the  results  due  to  such  conditions. 

It  is  of  the  greatest  importance  that  each  observer  know  exactly 
what  is  expected  of  him,  and  that  he  be  made  thoroughly  familiar 
with  the  details  of  at  least  all  apparatus  and  machinerv  bearing 
upon  his  portion  of  the  work  and  he  should  be  shown  exactly  what 
to  do  in  case  of  emergency,  in  order  to  rectify  difficulties  as 
quickly  as  possible  without  interrupting  or  possibly  destroying  an 
entire  test. 

9.  In  the  series  of  tests  from  which  the  results  for  this  paper 
were  obtained,  more  than  one  test  was  entirely  lost  after  hours 
of  work  through  the  hasty  action  or  lack  of  judgment  of  some  one 
observer.  Where  possible,  a  picked  and  trained  crew  should  be 
retained,  and  even  then  as  far  as  practicable  the  director  of  the 
test  should  attempt  nothing  but  the  oversight  of  the  observers, 
and  should  stand  ready  for  all  emergencies,  allowing  the  individual 
observer  to  touch  nothing  but  the  instrument  he  is  observing,  and 
then  only  as  directed.  Unfortunate  experience  has  shown  this  to 
be  the  only  possible  way  of  obtaining  reliability  in  results. 

It  is  necessary  that  the  engine  be  run  a  sufficient  time  before 
the  real  start  of  the  test,  to  enable  all  parts  to  become  properly 
adjusted  to  the  desired  running  conditions,  or  to  get  the  engine 
"  warmed  up,"  and  to  determine  accurately  the  proper  working 
of  all  instruments  and  recording  devices,  and  especially  if  the 
engine  is  to  carry  the  maximum  load  which  it  can  carry  continu- 
ally.    Much  difficulty  is  often  experienced  in  determining  this 
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maximum  load,  especially  if  the  fuel  used  is  city  gas,  for  then 
the  load  carried  yesterday  may  be  far  from  the  possible  load  of 
to-day.  If  a  brake  is  used  without  cooling  water,  then  the  run 
previous  to  the  start  of  the  test  must  be  of  sufficient  length  thor- 
oughly to  warm  the  brake  pulley,  to  permit  further  expansion  and 
a  sudden  increase  in  the  load.  A  brief  preliminary  trial  should 
in  every  case  precede  the  regular  run,  to  make  certain  that  every 
observer  understands  his  work,  and  it  is  found  advantageous  not 
to  inform  the  observer  of  any  distinction  between  the  preliminary 
run  and  the  true  test. 

The  reading  of  an  ordinary  meter  used  for  measuring  air  supply 
is  not  a  difficult  matter,  but  it  has  been  found  that  few  men  can 
obtain  reliable  readings  without  previous  experience. 

OBJECT   OF   THE    TEST. 

10.  It  is  absolutely  necessary  that  the  object  of  the  test  be  def- 
initely determined,  and  this  object  should  be  kept  constantly  in 
mind  during  the  run,  whether  the  test  be  a  general  efficiency  test, 
a  test  for  proportions  of  air  to  gas,  changes  in  conditions  of  igni- 
tion, temperature  of  jacket  water,  throttling  of  exhaust,  or  what 
not. 

FORM    OF    REPORT    BLANK. 

11.  Careful  study  coupled  with  experience  has  developed  the 
accomj^anying  form  for  the  final  report  of  the  test.  At  first  sight 
it  may  appear  to  some  as  too  comprehensive,  consequently  cumber- 
some, but  the  desire  has  been  to  secure  a  form  which  will  serve  for 
all  purposes,  whether  for  an  efficiency  test  onlj'  or  for  a  complete 
laboratorv  test  in  which  much  datum  is  desired  for  further  study 
that  might  of  itself  be  of  little  value  to  the  manufacturer  directly, 
but  of  great  value  scientifically,  especially  along  lines  which  wiU 
aid  in  further  development  of  the  heat-engine  problem. 

It  is  deemed  ■^\-ise  to  take  up  each  item  of  the  report  in  detail, 
and,  to  assist  in  making  the  explanations  clear,  run  number  6  has 
been  selected  from  each  of  the  two  tests  chosen  for  this  paper. 

The  engine  from  which  the  results  recorded  as  test  "  A  "  were 
obtained  was  run  under  full  load,  wliile  in  making  test  "  B  "  the 
engine  carried  only  half  load. 

12.  It  is  not  intended  to  draw  any  comparisons  between  the  two 
runs,  and  they  are  both  submitted  simply  to  assist  in  further 
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explanations  of  the  method  of  working  out  a  complete  test  if  con- 
ducted on  the  plan  outlined. 

The  titles  following  paragraphs  are  numbered  to  correspond  to 
the  items  as  they  appear  in  the  report. 

Especial  attention  has  been  given  to  the  arrangement  of  this 
report,  the  items  appearing  in  the  order  in  which  they  are  most 
readily  deduced;  i.e.,  with  one  or  two  possible  minor  exceptions, 
no  solution  is  called  for,  for  which  the  data  have  not  already  been 
supplied  by  the  "  log  "  or  by  a  previous  solution. 

1.  Nuviber.     2.   Thne  Intervals. 

13.  It  is  necessary  to  make  frequent  readings  during  the  test, 
and  item  1  corresponds  to  the  numbers  of  these  readings.  What 
the  interval  between  readings  shall  be  is  not  material  so  that  the 
period  is  sufficiently  long  to  eliminate  errors  which  might  creep 
in  from  too  brief  intervals.  Ten-minute  intervals  are  recom- 
mended in  case  the  total  run  is  not  over  two  or  three  hours.  When 
the  nature  of  the  test  is  such  that  several  hours  are  necessary  for 
the  determination  of  average  results,  or  quantities  of  fuel  used, 
the  time  intervals  may  be  lengthened  as  desired,  although  thirty 
minutes  should  probably  be  the  maximum  time  between  readings. 
When  more  convenient  the  time  interval  will  be  designated  by 
"  int." 

EEVOLtJTIONS    AND    EXI'LOSIONS. 

3.   Total  Revolutions. 

14.  Whenever  possible  a  continuous  speed  counter  should  be 
used,  and  it  is  advantageous  to  obtain  simultaneous  records  from 
two  such  counters. 

It  is  best  to  check  the  readings  during  each  interval  by  a  hand 
indicator,  in  order  that  some  record  may  be  had  in  case  of  acci- 
dent to  the  continuous  recorders — especially  if  one  recorder  only 
be  used. 

The  fluctuations  in  speed  of  a  gas  engine  of  the  single  cylinder 
type  are  so  great  and  so  varied  that  the  readings  of  a  hand  speed 
counter  taken  for  one  minute  are  apt  to  be  far  from  reliable,  and 
dependence  should  be  put  upon  them  only  in  case  of  absolute 
necessity. 
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4.  Revolutions  2>er  Minute  {Mean). 

15.  The  mean  number  of  revolutions  per  minute  is  simply  the 
total  number  of  revolutions  for  the  time  interval  divided  by  the 
nimiber  of  minutes  in  that  interval.  The  mean  speed  thus  ob- 
tained is  far  more  reliable  than  that  obtained  by  the  hand  speed 
counter. 

5.   Total  Exjylosions. 

16.  The  general  remarks  regarding  3  apply.  A  continuous 
counter  should  be  used  whenever  possible  for  determining  the 
number  of  explosions.  This  can  usually  be  done  by  connections 
to  some  stem  or  arm  of  the  inlet  valve,  so  that  the  counter  is 
operated  by  the  movements  of  this  valve.  Care  should  be  taken 
to  see  that  the  ignitions  are  reliable  and  that  every  ignition  gives 
an  explosion. 

Any  method  of  simply  eoimting  the  misses  by  sound  or  feeling, 
when  they  are  frequent,  is  found  to  be  absolutely  unreliable. 

6.  Explosions  j>e/'  Mimde  (Ifean). 

17.  These  figures  are  obtained  by  di^'iding  the  total  number  of 
explosions  for  the  time  interval  (item  5)  by  the  number  of  minutes 
in  that  interval  (item  2). 

7.   Ratio  of  Revolutions  to  Exjdosions. 

18.  This  item  gives  a  clear  idea  of  the  regularity  of  the  ex- 
plosions. In  the  single  cylinder  four-cycle  engine  making  no 
misses,  this  ratio  of  the  number  of  revolutions  to  the  number  of 
explosions  would  be  2.00.  Any  decrease  in  the  number  of  explo- 
sions per  minute  would  cause  this  ratio  to  increase,  and  a  hasty 
glance  at  this  item  indicates  at  once  the  regularity  of  the  explo- 
sions. In  a  single  cylinder  two-cycle  engine  the  corresponding 
ratio  is  1.00. 

JACKET    WATER. 

8.    Weight  in  Pounds.     9.    Weight  in  Poimds  per  Hour. 

19.  The  simplest  method  of  weighing  the  jacket  water  is  by 
means  of  two  oil  barrels,  with  proper  outlet  pipes,  set  upon  plat- 
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form  scales.  The  piping  from  the  engine  should  be  so  constructed 
that  the  water  may  be  fed  into  either  barrel  at  will.  It  is  hardly 
necessary  to  take  the  weight  of  the  jacket  water  for  each  of  the 
time  intervals,  provided  the  water  flow  has  been  carefully  regu- 
lated before  the  test  actually  starts  and  the  temperature  of  the 
feed  water  is  found  to  be  constant. 

If  the  flow  is  maintained  so  nearly  uniform  that  the  fluctuations 
in  temperature  of  the  outlet  water  are  not  large — say  for  ex- 
treme range  not  over  15  degrees  Fahr. — the  total  weight  of  water 
for  the  entire  test  may  be  recorded,  and  this  result  divided  into 
equal  proportions  for  the  different  runs. 

20.  Should  the  feed-water  temperature  show  marked  variations, 
which  is  likely  to  be  the  case  if  the  water  from  the  main  passes 
through  several  buildings  before  reaching  the  engine,  it  should 
be  weighed  in  small  amounts  and  the  weight  and  temperature 
entered  on  the  "  log." 

The  weight  per  hour  is  calculated  directly  from  the  values  in 
item  8.  In  case  of  long  runs  it  is  well  to  determine  the  weight 
for  each  hour  and  to  assign  to  each  time  interval  its  proportionate 
part. 


10.  Temperatu7^e  Range. 

21.  Keferring  to  items  10,  11,  12  of  the  "  log,"  it  is  noticed 
that  they  are  marked  temperature  of  water  entering,  leaving,  and 
barrel  respectively.  If  the  water  used  comes  through  a  system 
of  pipes  running  through  warmed  buildings,  it  is  best,  if  possible, 
to  allow  the  water  to  flow  long  enough  to  show  fairly  constant 
temperature  before  starting  the  test.  This  is  especially  necessary 
in  winter  when  the  water  is  taken  from  the  city  main — a  difference 
of  45  degrees  Fahr.  is  often  observed  under  these  conditions. 

22.  In  cases  where  the  weighing  barrels  are  near  the  engine 
the  temperature  of  the  discharged  water  may  be  taken  as  it  enters 
the  barrel,  which  is  often  more  convenient  than  to  obtain  the  tem- 
perature just  as  the  water  leaves  the  engine.  It  has  been  found 
advantageous  to  keep  a  record  of  both  when  the  conditions  admit. 
In  the  tests  shown  no  special  attention  was  paid  to  the  best  tem- 
perature of  the  leaving  jacket  water.  In  general  it  seems  to  be 
the  opinion  that  the  hotter  the  water  is  allowed  to  get  without 
injuring   lubrication   or   giving   premature   ignition   the    better. 
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Some  authorities  give  160  degrees  Fahr.  as  the  best  temperature 
for  the  discharge.  Experiments  seem  to  indicate  that  pressure 
in  the  water  jacket  is  of  little  moment. 

The  range  of  temperature  is  the  difference  between  the  tem- 
perature of  the  leaving  water  and  that  of  the  entering. 


11.  Maximum  Velocity,  Feet  per  Second. 

23.  This  has  no  direct  bearing  upon  the  test  proper,  but  is  in- 
serted for  use  in  making  comparative  tests  of  different  engines, 
and  for  the  determination  of  points  of  design  of  water  inlets  and 
outlets  for  the  most  effective  results.  The  data  collected  would 
undoubtedly  show  variations  depending  upon  the  method  of  deliv- 
ery, whether  from  natural  circulation  or  forced. 


12.  Heat  Ahsoried,  B.  T.  U. 

24.  The  heat  absorbed  by  the  jacket  water  is  a  very  large  per- 
centage of  the  entire  heat  supplied — often  about  50  per  cent. 
Since  the  specific  heat  of  water  is  taken  as  unity,  the  calculation 
consists  only  in  multiplying  the  number  of  pounds  of  water  used 
during  the  interval  by  the  range  of  temperature,  this  range  of  tem- 
perature being  equal  to  the  number  of  heat  units  absorbed  per 
pound  of  water. 


Data  Oiven. 
8  —  specific  heat  of  water  =  1. 
C  =  temperature  range. 
W=  weight  water  for  time  interval. 

To  Find— 
ft„  =  B.  T.  U.  for  the  time  interval. 

Examples. 
•A"  Run  No.  6: 

4=1. 

tr  =  72  degrees. 
TF"  =  97  pounds. 

"B"  Run  No.  6:- 
I  =1. 

tr  =  39  degrees. 
W=93.3  pounds. 


Solution. 


h^  =  s  X  tr  X  W. 


A„  =  1  X  72  X  97  =  6,984  B.  T.  D. 


A„  =  1  X  39  X  93.3  =  3,640  B.  T.  U 
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25.  It  is  very  essential  that  the  quantity  of  air  used  be  accu- 
rately measured,  and  the  simplest,  and  usually  most  accessible, 
method  is  by  means  of  a  gas  meter  of  sufficient  size.  The  accu- 
racy of  this  meter  should  be  carefully  determined.  (For  methods 
of  calibration,  see  "  Report  of  the  Committee  Appointed  to  Stan- 
dardize a  System  of  Testing  Steam  Engines.'') 

26.  Even  if  the  meter  is  carefully  calibrated  when  working 
under  suction,  the  readings  will  not  be  the  same  when  the  air 
enters  under  pressure,  or  vice  versa.  With  the  setting  of  the 
air  valve  as  used  in  making  test  "  B,"  the  meter  readings  averaged 
for  a  given  number  of  admissions  109.5  cubic  feet  when  working 
under  a  pressure  indicated  by  2  inches  of  water,  and  97.25  cubic 
feet  when  working  under  suction.  The  flow  recorded  by  the 
meter  was  then  1.13  times  as  much  when  working  under  liglit 
pressure  as  when  working  under  suction. 

The  meter  through  which  the  gas  is  measured  works  at  all  times 
under  slight  pressure,  and  for  accurate  determination  of  the  pro- 
portions of  air  to  gas  the  meter  used  for  air  measurement  for  the 
experiments  upon  which  this  paper  is  based  was  put  under  equal 
conditions  by  supplying  air  under  pressure  by  means  of  an 
IngersoU  air  compressor.  In  the  absence  of  a  compressor  a 
blower  may  easily  be  arranged  to  accomplish  the  same  result. 
The  method  of  piping  used  is  best  explained  by  reference  to  the 
cut,  Fig.  298. 

27.  A  is  the  main  compressed  air  line  leading  from  the  com- 
pressor to  the  air  meter  B.  C  is  a  relief  tank  filled  with  water 
to  a  depth  corresponding  to  the  head  shown  by  the  manometer 
attached  to  the  gas  pipe,  and  causing  the  flow  of  air  through  the 
meter  to  remain  fairly  constant.  From  B  the  air  passes  through 
the  pipe  D,  directly  to  the  engine  save  for  the  interposition  of  air 
bags  E  and  F  and  an  old  muffler,  used  for  the  same  purpose  as 
the  bags — namely,  to  reduce  the  variation  in  pressure  of  the  air. 
At  ff  is  shown  a  manometer  for  determining  the  air  pressure,  and 
by  means  of  the  inlet  valve  J  this  pressure  can  be  maintained 
the  same  as  that  shown  by  the  gas  manometer.  By  this  method 
an  accuracy  in  determining  the  proportions  of  air  to  gas  was  as- 
sured Avhich  otherwise  could  not  be  a'uaranteed. 
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13.   Cuhic  Feet.     14.    Cuhic  Feet  per  Hour. 

28.  In  reading  the  ordinary  meter  it  is  not  sufficiently  accurate 
to  catch  the  readings  by  noting  the  i^ositions  of  the  index  hands 
at  the  beginning  and  close  of  the  time  interval,  but  it  is  necessary 
to  keejj  an  observer  at  the  meter  and  require  the  readings  to  be 
taken  from  the  hand  which  indicates  the  single  cubic  feet,  and 
whose  complete  revolution  records  10  cubic  feet. 

The  cubic  feet  per  hour  are  readily  calculated  from  the  data 
for  the  given  time  interval. 

15.   Temjyerature,  Fahr. 

29.  Under  ordinary  conditions  it  is  sufficient  to  take  the  tem- 
perature of  the  air  at  the  beginning  and  at  the  close  of  the  test, 
but  if  the  conditions  are  variable  more  frequent  readings  will  be 
necessary. 

If).    Weight  jm-  Cuhic  Foot. 

30.  This  weight  is  that  of  a  cubic  foot  of  air  at  the  temperature 
given  in  item  15,  and  is  found  as  follows: 


Diitii  Given. 
Wd  =  weight  cubic  foot   air  at   33  de- 
grees Fahr.  =  .0807  pound. 
7o  =  32°  +  459°  =  491"'  (aljsolute). 
7\  =  absolute  temperature  of  air. 
=  item  15  +  459°. 

To  Find— 
If,  =  wgt.  per  cu.  ft.  !it  given  temp. 

E.raiiiplcs. 
"A"  Huu  No.  (i  : 

T,  =  8(5°  +  459°  =  545°, 

'•  B"  Run  No.  6: 

1\  =  87°  +  459"  =  546°. 


-'"1  =  1^     or     ,..  =  .0807^. 


w,  =  .0807  pjp  =  .0787  pound. 


491 

.0807  ^-^  =  .0725  pound. 


17.  Maxunum   Ycloc'iiij  hi  Feet  per  Second. 

31.  Like  item  11,  this  has  no  direct  bearing  upon  the  single 
test,  but  is  for  use  in  making  comparative  tests  of  different  en- 
gines and  for  determination  of  points  of  design  of  air-inlet  valves 
for  the  most  effective  results. 
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18.   Specific  Ileaf,  C„. 

32.  The  specific  heat  of  air  at  both  constant  pressure  and  con- 
stant volume  may  be  found  in  any  books  on  thermodynamics. 
The  specific  heat  at  constant  volmue,  denoted  by  C„,  is  the  only 
value  needed  in  this  work — C, ,  =  .1691. 


33.  The  question  of  quantity  of  fuel  used  is  the  first  to  present 
itself,  and  the  methods  of  determining  this  will  depend  entu'ely 
upon  the  kind  of  fuel.  If  coal  is  required  the  method  of 
determining  the  amount  is  that  usual  in  case  of  boiler  tests,  and 
is  fully  described  in  the  Transactions  of  this  Society,  Vol.  XXI., 
p.  34.  The  method  used  for  ascertaining  the  amount  of  gas 
is  by  means  of  the  standard  gas  meter.  Methods  of  calibrating 
these  meters  are  given  in  the  "Report  of  the  Committee  appointed 
to  Standardize  a  System  of  Testing  Steam  Engines."  If  oil  is 
used  it  can  easily  be  measured  by  means  of  calibrated  tanks.  For 
small  engines  using  little  oil,  the  tanks  should  be  small  in  diameter, 
that  the  errors  in  measurement  may  be  reduced  as  much  as  pos- 
sible. 

19.   Cubic  Feet  or  Gallons.     20.   Cubic  Feet  or  Gallons  per  Hour. 

34.  The  method  of  measuring  the  fuel  has  already  been  ex- 
plained. The  quantities  designated  in  item  19  refer  to  the 
amoimts  used  for  the  given  time  interval,  and  if  the  fuel  be  gas, 
this  would  be  the  number  of  cubic  feet  as  read  directly  from  the 
meter. 

If  the  fuel  be  oil  the  number  of  gallons  for  the  period  should 
be  recorded. 

21.  Temperature,  Fahr. 

35.  As  in  the  case  of  air,  it  is  usually  sufficient  to  take  the 
temperature  of  the  gas  at  the  beginning  and  at  the  close  of  the  test, 
but  if  the  conditions  be  variable  more  frequent  readings  will  be 
necessary. 

In  case  of  engines  which  vaporize  oil  fuel  before  it  enters  the 
cylinder,  this  detennination  of  temperatures  is  very  difficult,  if, 
indeed,  possible.  There  are  many  forms  of  carburettors,  and  the 
temperatures  of  vaporization  are  found  to  vary  greatly. 
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Further  developments  may  determine  the  desired  method  of 
making  reliable  observations  of  the  temperature  of  this  type  of 
fuel. 

22.    Weiffht  j)er  Cubic  Foot  or  Gallon. 

36.  In  case  the  fuel  be  gas,  it  is  not  always  convenient  to  obtain 
the  weight  per  cubic  foot.  If  the  temperatures  of  the  air  and 
gas  be  the  same,  this  is  hardly  necessary,  and  even  when  these 
temperatures  be  different  the  necessity  of  knowing  this  weight  is 
not  sufficient  to  warrant  great  inconvenience  or  expense  in  obtain- 
ing it. 

23.  Maximu7ii  Velocity  in  Feet  per  Second. 

37.  As  in  items  11  and  17,  this  has  no  direct  bearing  upon 
the  single  test,  but  is  for  use  in  making  comparative  tests  of  differ- 
ent engines  and  for  determination  of  points  of  design. 

24  Specific  Heat,  C^. 

38.  Unless  it  is  convenient  to  ascertain  accurately  the  desired 
specific  heat  of  the  gas  used,  no  serious  error  results  from  taking 
the  specific  heat  at  constant  volume  the  same  as  for  air;  namely, 
C,  =  .1691. 

25.   Cubic  Feet  of  Standard  Gasper  Hour  (60  Degrees  Fahr.,  14.7 
Pounds  Pressure).    ■ 

39.  The  general  standard  recommended  seems  to  indicate  for 
"Standard  Gas"  the  conditions  given;  namely,  a  temperature  of  60 
degrees  Fahr.  and  a  pressure  corresponding  to  the  usual  atmos- 
pheric pressure.  It  is  hardly  necessary  to  make  corrections  for 
barometric  readings,  as  the  total  possible  variation  is  sHght,  and 
considering  all  other  sources  of  error  it  is  a  question  whether  this 
supposed  degree  of  refinement  adds  to  the  accuracy  of  the  results. 

Atmospheric  pressure  mil  then  be  understood  to  mean  as  in- 
dicated, 14.7  pounds  per  square  inch. 

40.  The  pressure  shown  by  the  manometer  attached  to  the  gas 
pipe  might  also  be  neglected  in  making  the  computations,  as  its 
effect  upon  the  result  is  hardly  perceptible.  It  has,  however,  been 
considered  in  the  illustrative  problems,  the  value  having  been  re- 
corded in  the  log  of  the  test,  thus  adding  no  labor  to  the  computa- 
tions.   It  may  be  of  interest  to  note  that  the  total  effect  of  neglect- 
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ing  both  the  changes  in  barometric  conditions  and  in  the  pressures 
shown  by  gas  mains,  when  these  changes  are  taken  at  a  maximum, 
is  less  than  one-half  of  one.  per  cent,  of  the  number  of  cubic  feet 
per  hour. 


Data  Given . 
V,  =  cu.  ft.  of  gas  per  hour  at  t,  °  F. 
Tg  =  absolute  temp,  of  gas  =  t„°  +  459°. 
Pn  =  pressure  under  which  gas  is  flow- 
ing. 
=  14.7    lbs.  +  pressure     shown    by 
manometer. 
T,  =  60°  +  459°  =  519°     F.,     absolute 

temp,  of  standard  gas. 
Pa  =  atmospheric  pressure. 
=  14.7  lbs.  per  sq.  in. 

To  Find— 
V,  =  cu.  ft.  standard  gas  per  hour. 

Exaynpks. 
"A"  Run  No.  6  : 
V,  =  157.5  cu.  ft. 
T,  =  86°  +  459°  =  545°. 
p,  =  14.7  +  .1  =  14.8  lbs.  per  sq.  in. 
"B"  Run  No.  6: 
V,  =  91.5  cu.  ft. 
r,  =  87°  +  459°  =  546°. 
p,  -  14.7  +  .1  =:  14.8  lbs.  per  sq.  in. 


V,  _  p,  T. 
%  ~  P"  T, 

P,T. 

V,  =  V,  '^^-fjT 


,^„^14.8x519      „, 
«.  =  157.5  iTT^r— -STi  =  151  cu.  ft. 


-,  .  14.8  X  519      _„  ^        ,^ 
V,=    91.5  r-r-;;; ^^ni  =  87.5  CU.  ft. 


14.7  X  546 


VALVE    INDEX    BEADING. 


26.   Gas.    27.  Air. 

41.  This  refers  to  the  setting  of  the  graduated  inlet  valves,  and 
has  no  direct  bearing  on  the  single  test,  but  is  of  value  in  making 
comparative  tests. 

28.    Value  ofninPV  =  P^Vx- for  Expansimi  Curve. 

42.  At  this  point  in  the  analysis,  more  or  less  diificulty  is  likely 
to  be  encountered.  The  necessity  of  carefully  working  out 
this  value  of  n  for  each  card  may  not  at  first  seem  apparent, 
but  slight  investigation  shows  it  to  be  of  great  importance. 

It  is  not  unnatural  to  assume  that  the  expansion  curve  and  the 
compression  curve,  as  given  by  the  indicator  card,  follow  very 
closely  the  adiabatic  law. 
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Working  upon  this  supposition  leads  in  many  cases  to  a  network 
of  difficulties,  from  which  it  is  not  easy  to  free  one's  self.  For 
example,  a  case  that  came  to  the  attention  of  the  writer  was  as 
follows :  In  making  a  preliminary  test,  owing  to  the  fact  that  it 
was  inconvenient  to  determine  the  exact  clearance  volume  of  the 
engine,  instructions  were  given  to  work  out  the  clearance  from 
the  indicator  card.  The  method  is  quickly  shown  by  the  following 
deductions  and  reference  to  the  card  shown  in  Fig,  299. 


43.    Let  «i  =  clearance  volume  of  cylinder. 
«2  =  total  volmne  of  cylinder. 

^'o  =atmosphericpressure  =  14.7poundspersquarein. 
Pb  =  pressure  at  compression,  from  card. 
I  =  length  of  stroke  in  feet  or  inches,  as  desired. 
X  =  length  of  clearance  in  feet  or  inches,  as  desired. 
It  appeared  a  simple  matter  to  solve  for  x  in  the  following  for- 
mulas:   J^=('^^X  ovi^y  ='^   which    readily    reduces    to 


P» 


(r^^j    = — ; — ,  on  the  assumption  that  n  for  the  compression 

curve  was  1.41  or  -  =  .71. 
n 

This  gave  an  excessively  large  clearance  volmne,  and  the  values 
of  n  worked  out  for  the  expansion  curve  varied  greatly,  but  the 
best  value  seemed  to  be  about  1.7,  although  the  necessity  of  care- 
fully determining  the  value  of  this  exponent  for  each  card  was  at 
once  apparent. 
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Maximum  temperatures  computed  on  the  basis  of  the  value  of 
n  above  proved  to  be  in  the  neighborhood  of  4,000  degrees  Fahr. 
This  surprisingly  large  value  of  n,  together  with  the  excessively 
high  temperatures,  led  at  once  to  a  careful  study  of  the  problem, 
for  it  was  apparent  that  no  assiunptions  regarding  the  laws  of  ex- 
pansion could  safely  be  made.  The  clearance  volume  was  at  once 
determined  by  the  usual  method  of  filling  the  space  with  water. 
It  may  be  well  here  to  emphasize  the  necessity  of  great  care  in 
releasing  all  air  from  this  clearance  space  as  the  water  is 
poured  in. 

44.  The  values  of  n  now  deduced  from  the  expansion  curve  for 


the  diagrams  taken  from  this  particular  engine  showed  for  portions 
of  the  curve  values  as  surprisingly  low  as  those  first  determined 
were  high.  It  was  found  that  this  exponent  varied  greatly  in  dif- 
ferent parts  of  the  curve  for  the  diagrams  taken  from  this  engine, 
but  no  satisfactory  law  of  variation  could  be  determined.  With  the 
high  pressure  spring  used  in  the  indicator  it  was  very  diificult  to 
obtain  accurate  values  from  the  cards  secured. 

45.  With  a  240-lb.  spring,  which  was  the  one  used,  each  .01 
of  an  inch  in  vertical  measurement  corresponds  to  2.4  lbs.  pressure, 
and  errors  resulting  from  irregularities  in  the  curve,  variations 
in  the  width  of  line,  and  mistakes  in  observation  render  it  almost 
impossible  to  work  with  the  degree  of  accuracy  desired.  In  Fig. 
300  is  shown  one  of  the  cards  taken  in  making  test  "  A."'  The 
upper  dotted  curve  represents  isothermal  expansion  and  the  lower 
dotted  curve  adiabatic  expansion. 

It  is  seen  at  a  glance  that  early  in  the  expansion  the  full  line 
follows  very  closely  the  adiabatic  curveand  then  approaches  nearer 
and  nearer  the  isothermal  as  the  expansion  continues.  The  value 
of  ?i  which  has  been  chosen  for  recording  in  item  28  is  the  value 
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found  for  the  latter  part  of  the  expansion,  as  this  value  is  the  one 
most  needed  in  computations  that  follow.  Owing  to  the  fluctu- 
ations in  many  curves  near  the  beginning  of  expansion,  it  has  been 


Fig.  301. 

found  extremely  difficult  to  obtain  values  that  could  be  regarded 
as  reliable  for  the  pressures  desired. 

46.  The  card  shown  in  Fig.  301  was  taken  during  test  "  B,"  and 
although  the  expansion  curve  seems  to  follow  the  adiabatic  more 
closely  than  in  Fig.  300,  yet  there  is  considerable  variation  even  in 
this  case. 

Kepeated  calculations  showed  the  best  value  of  n  for  the  expan- 


Vk 


sion  curve  for  the  cards  of  test  "  A  "  to  be  1.14  and  for  test  "  B  " 
1.21  or  1.20. 

The  mathematical  work  involved  in  obtaining  n  is  explained 
below : 
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Data  Given. 
Any  corresponding  values  of  pressure 
and  volume  obtained  from  the  indicator 
card.  Great  care  sbould  be  exercised  in 
theselectionof  these  points  if  the  equation 
of  the  expansion  curve  is  found  to  vary 
for  different  portions  of  the  curve.  All 
measurements  must,  of  course,  be  made 
from  the  zero  of  volumes  and  zero  of 
pressures. 

F]  =  some  assumed  volume. 
Pi  =  pressure  corresponding  to  Yi. 
Fi  =  another  assumed  volume. 
Pj  —  pressure  corresponding  to  F2. 

ExampUi. 
"A"  Run  No.  6  (For    this   problem 
the  values  of  P  and  V  are  selected  as 
shown  in  Fig.  303)  : 

F,  =    6.3         P,  =  141 
Fa  -  12.2         Pa  =    65 


'  B  "  Run  No.  6  : 

Fi  =  5  P,  =  108 

F,  =  8  Pa  =    61 


Solution. 
P,  F,"  =  Pa  Fa" 

Pa    yvj 
p, 

g-  p^  =  II  log. 

log.  El 
Pa 


log. 


.29397 


or,        _  log.  Pi  -  log.  Pa 
~  log.  Fa  -  log.  F, 

log.  P,  =  3.14922        log.  Fa  =  1.08636 
log.  Pa  =  1.81291        log.  F,  =  0.79239 

.33631 

.33631       ,   .^ 

Solving  by  the  first  formula, 
log.  P, 

^  _  1\ 

Fa  ' 


log. 


F, 


shortens  the  work  if  a  slide  rule  is  used 
P,  ^  108 

Pa  "    61 


XT  =  ^r  =  1-77,  log.  =  0.24797 


=^1^,  log.  =  0.20412 


.24797 
''  .20412 


=  1.21 


47.  The  following  values  of  n  were  worked  out  with  great  care 
from  a  series  of  volumes  and  corresponding  pressures,  and  show 
the  fluctuations  to  which  this  calculation  is  subject.  The  values 
are  arranged  as  derived  in  regular  order  from  left  to  right,  but  do 
not  include  values  for  very  small  volumes,  as  the  variations  in 
pressure  were  too  great  to  enable  any  reliable  readings.  As  de- 
rived from  the  card  selected  n  =  1.21, 1.12, 1.14, 1.16,  1.13,  1.135, 
1.12,  1.10,  1.10  1.12,  1.15,  1.15,  1.15  1.14,  1.16,  1.13. 

A  variation  of  a  single  pound  in  the  pressure,  or,  in  some  cases, 
of  one-half  pound,  determines  the  accuracy  of  the  deduction,  but 
with  such  high  pressure  springs  this  degree  of  refinement  is  im- 
possible.   It  was  noted  in  several  cases  that  the  value  of  n  for  the 
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compression  curve  was  slightly  higher  than  for  the  expansion 
curve. 

A  simple  method  of  ascertaining  whether  this  exponent  is  the 
same  for  corresponding  compression  and  expansion  curves  is  as 
follows : 

48.  Locate  a  series  of  different  volumes  upon  the  card  in  ques- 
tion and  determine  the  corresponding  pressures  for  both  the  com- 
pression and  expansion  curves.  If  the  ratio  of  the  corresponding 
pressures  of  the  two  curves  remains  constant,  the  exponents  for 
the  equations  of  the  two  curves  will  be  found  to  be  identical. 

Let  Vi  and  V^  =  two  volumes  chosen,  as  in  Fig.  302.  For  the  ex- 
pansion curve  the  two  pressures  =  P^  and  Pj  and  for  the  com- 
pression curve  the  pressures  corresponding  to  the  same  volumes  = 
Ps  and  P4.  Let  x  be  the  exponent  in  the  equation  of  the  expan- 
sion curve,  viz :  P,  Fj^  =  P,  1^2^  'ind  let  y  be  the  corresponding 
exponent  for  the  compression  curve,  or  P3  V^'  =  P4  V/ 

By  division  — ! — L  =  -^ — ^A^    If  now  the  exponents  for  the  two 

•^  P3  v,«    p,  r/-  ^ 

curves  be  the  same,  i.  e.,iiy 


—  X  then 

P, 

Ps 

P 
~  P. 

vr 

F/ 

or 

P. 
Ps" 

p., 

MIXTURE 

29.   Tefnperature,   Degrees  Fahr. 

49.  One  of  the  longest  deductions,  as  well  as  one  of  the  most 
difficult,  but  at  the  same  time  of  great  importance,  is  that  of  ob- 
taining the  temperature  of  the  mixture  in  the  cylinder,  composed 
of  air,  gas,  and  exhaust  gases,  or  neutrals,  as  the  last  are  some- 
times called.  The  problem  involves  the  larger  portion  of  all  the 
readings  made  during  the  test,  as  well  as  the  careful  determination 
of  the  temperature  of  the  exhaust  gases. 

The  mixture  passes  through  a  wide  range  of  temperatures,  and 
the  only  one  which  can  be  determined  is  that  of  the  exhaust.  This 
has  proved  to  be  of  such  great  importance  and  so  little  seems  to 
be  known  regarding  tlie  determination  of  this  factor,  that  much 
of  the  time  devoted  to  the  subject  of  gas  engine  testing  was  given 
to  the  solution  of  this  problem. 

Very  few  methods  for  measuring  this  temperature  seem  to  exist, 
and  these  are  either  too  inaccurate  to  be  of  any  value,  or  in  cases 
where  the  results  seem  to  indicate  accuracy,  the  method  is  too 
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complicated  or  the  apparatus  too  expensive  for  use  under  ordinary 
circumstances. 

50.  Even  the  committee  appointed  by  the  Society  to  "  Standard- 
ize a  System  of  Testing  Steam  Engines  "  avoids  the  question  en- 
tirely. This  committee  speaks  of  the  "  observed  temperature  of 
the  exhaust  gases,"  but  in  no  way  is  any  intimation  given  of  a 
method  of  observation. 

A  simple  device  for  determining  these  temperatures  seems  so 
necessary  that  it  is  deemed  wise  to  give  a  complete  description  of 
the  apparatus  used  by  the  writer,  in  a  separate  paper  entitled,  "A 
Method  of  Determining  the  Temperatures  of  Exhaust  Gases,"  and 
presented  as  paper  Xo.  949  at  this  meeting. 

To  avoid  confusion,  the  computations  for  determining  the  tem- 
perature of  the  mixture  will  be  di\'ided  into  two  parts. 

Paet  I. 


o  =  air  per  mm. 


51.  To  determine  the  combined  volumes  of  air  and  gas  per 
stroke  and  the  temperature  of  the  same : 

Case  1.  When  the  temperatures  of  the  incoming  air  and  gas 
are  equal: 

Data  Given. 
Mins.  =  No.  miuutes  in  time  interval. 

item  19 

a  =  gas  per  min.  =  — -. 

"       °  mms. 

item  13 

mins. 

T^  =  absolute  temp.  gas. 

=  Ti  absolute  temp.  air. 

=  item,  ai  or  15  +  459°. 

Ex.  P.  M.  =  explosions  p.  min.  =  item  6. 

R.  P.  M.  =  revolutions  p.  min.  =  item  4. 

Ms.  P.  M.  =  explosions  missed  per  min. 

-iR.P.M.-  Ex.  P.  M.  for 

single  cylinder  four-cycle 

engine. 

To  Find— 
v'  —  CM.  ft.  gas  per  explosion  at  T,. 
v"  =  CQ.  ft.  air  per  explosion  at  7\. 
T^  =  absolute  temperature  in  F.°  re- 
sulting from  combining  air  and 
gas  =  r,  =  T,. 
c^  =  combined  vol.  in  cu.  ft.  of  air 
and  gas  per  explosion  at  T^. 


~Ex.P.  M. 

„      a-  V  [Ms.  P.  M.'] 
'"    ~       [\  R.  P.  M.] 

Since     2^  =  7",  =  7",, 

•ij„=  v'  +  v'. 
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Examples. 
'  A  "  Run  No.  6  : 
26.25 
^  =  -10" 
194 


=  2.625  cu.  ft. 


19.4  cu.  ft. 


Tx  =  T.,  =  86°  +  459°  =  545°. 
Ez.  P.  M.  =  133.9. 
R.  P.  M.  =  267.9. 
Ms.  P.  M.  =  0. 

"B"  Run.  No.  6: 


2.625 
■  133.9 

19.4- 


=  .0196  cu.  ft. 


133.9 


=  145  cu.  ft. 


=  .1646  cu.  ft. 


5-  =  -^^=  1.525  cu.  ft. 

1    525 
"'  "WJ"  .0163  cu.  ft. 

125.0 
a=  -^r^  =  12.5  cu.  ft. 

-"■'-.rr"""— ■» 

r,  =  7\  =  87°  +  459°  =  546°. 
Ex.  P.  If.  =  93.4. 
R.  P.  M.  =301.2. 

And  since     T^  =  T,  =  T,  =  546°, 
v^  —  v'  +  v"  =  .0932  cu.  ft. 

Ms.  P.  M.  =  57.2. 

Case  2.  When  the  temperatures  of  the  incoming  air  and  gas 
are  different : 


Data  Given. 
No.  minutes  in  time  interval, 
item  19 


:  per  mm.  =  - 


mins. 

item  13 

a  =  air  per  mm.  —■ — : 

mms. 

r,  =  absolute  temp,  air  in  F.°. 

=  item  15  +  459°. 

?3  =  absolute  temp,  gas  in  F°. 

=  item  21  +  459°. 

Ex.  P.  M.  =  explosions    per    minute  = 

item  6. 

R.  P.  M.  =  revolutions  per    minute  = 

item  4. 

Ms.  P.  M.  =  explosions  missed  per  min. 

=  \R.P.M.-  Ex.  P.  M.  for 

single  cylinder  four-cycle 

engine. 

w,  =  wgt.  per  cu.  ft.  air  at  Ti  =  item  16. 

!Po  =  wgt.  per  cu.  ft.  air   at   32°  F.  = 

.0807  lb. 

To  =  absolute   temp,    corresponding   to 

32°  F.  =  491°. 

»'  =  cu.  ft.  gas  per  explosion  "]       as 

at  r,  .'    found 

v"  =  cu.  ft.  air  per  explosion  .    under 

at  1\  J  Case  1. 


Solution. 
Tlie    general    equation    from    wliich 
T„„  can  be  computed  is 

c^m-  rj  «'„  =  fp  (n,  -  T;)w„. 
It  is  now  necessary  to  find  ?c„  and  Wg, 
If  it  is  not  convenient  to  obtain  the 
weight  of  gas  per  cubic  foot,  the  best 
that  can  be  done  is  to  take  the  weight 
of  gas  the  same  as  that  of  air  at  the 
same  temperature.  The  error  involved 
by  so  doing  is  not  serious. 


Then 


«)„  =  Ml  X  e 

Wg    =    Wj      X      »' 

T„    can   now   be   computed    from    the 
equation  above. 

T 

v"'  =  v  -^ 

V      =?i  -^ 
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Cp  =  specific  heat    of    air   at   constaut 
pressure. 

To  Find— 
■Wi  =  wgt.  cu.  ft.  gas  at  Ti. 
Wo  =  wgt.  of  air  per  explosion  at  1\. 
Wg  =  wgt.  of  gas  per  explosion  at  Tn. 
T,g  =  absolute    temp,    in    F.°  resulting 

from  combining  air  at  2\  and 

gas  at  T.. 
»'"  =  cu.  ft.  gas  per  explosion  at  7'^. 
»""  =  cu.  ft.  air  per  explosion  at  7'„„. 
Vug  =  combined   vol.  in   cu.  ft.    of  air 

and  gas  per  explosion  at  T^j. 


Part  II. 

52.  The  combined  volumes  of  air  and  gas  used  per  explosion, 
together  with  the  temperature  of  the  same,  having  been  computed 
as  indicated  in  Part  I.  of  this  section,  the  problem  is  now  to  deter- 
mine the  temperature  of  the  final  mixture  in  the  cylinder  after  the 
air  and  gas  have  united  with  the  exhaust  gases  in  the  clearance 
space — unless  the  engine  is  of  the  scavenging  type. 

It  is  to  be  noticed  that  if  the  governor  is  of  the  hit  or  miss  type, 
the  exhaust  stroke  following  a  miss  corresponds  to  a  scavenging 
stroke. 


Dniii  Given. 

Assume  the  weight  of  the  final  mix- 
ture equal  to  the  weight  of  air  at  the  same 
temperature.  Assume  the  specific  heats 
of  the  different  mixtures  the  same  as  for 


Wo  =  weight  cu.  ft.  air  at  32°  F.  = 
.0807  lb. 

7*0  =  absolute  temp,  corresponding  to 
32°  F.=  491°. 

Cp  =  specific  beat  air  at  constant  pres- 
sure. 
=  specific  heat  air  and  gas  at  con- 
stant pressure. 
=  specific   heat    final    mixture   at 
constant  pressure. 

7'^=  absolute  temp,  of  air  and  gas 
entering  cylinder  as  computed 
in  Part  I. 


Solution. 


'   '~ 

w„jr- 

w,  = 

t7 

WOyT 

Wo 

,= 

W,  X  v^ 

w. 

= 

to,  X  Vi 

7'„ 

can 

now 

be 

computed 

from 

the 

6(1  nation 

r. 

(T„ 
7' 

Was 
W'o 

=  CpiT.- 
,  +  T,w, 

T„)ir 

w^  +  w. 
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Va,  =  eu.  ft.  air  and  gas  at  T^  as  com- 
puted in  Part  I. 
T,  =  absolute  temp,  exhaust  gases  at 
atmospheric  pressure. 
=  temp,  observed  and  recorded  in 
item  14  of  log  +  459°. 
Vi  =  vol,  of  clearance  in  cu .  ft. 

To  Find— 
Wi  =  weight  cu.  ft.  of  air  and  gas  at 

Wi  =  weight  cu.  ft.  of  exhaust  gases 

at  T,. 
Wag  =  weight  of  air  and  gas  per  ex- 
plosion at  T^. 
w,  =  weight  of  exhaust  gases  per  ex- 
plosion at  T,. 
absolute  temp,  of  final  mixture 

in  cylinder. 
T„  -  459°  =  F.°  as  in  item  29. 

Examples. 
Run  No.  6  : 
.0807  lb. 

33°  -t-  459°  =  491°. 
Tiz=  T^  =  86°  +  459°  =  545°. 
-.1646    cu.    ft.   as    computed    in 

Part  I. 
180°  -1-  459°  =  639°  by  observa- 
tion. 
.055  cu.  ft   by  measurement. 


T„  = 


"A' 

Wo  = 
?'o  = 

T   = 


T  = 


"B"  Run  No.  6: 

Wo  =  .0807  lb. 

To  =  32°  +  459°  =  491°. 

T^  -  87°  -I-  459°  =  546°. 

v^  =  .0932    cu.    ft.    as    computed    in 
Part  I. 

T  =188°  -I-  459°  =  647°  by  observa- 
tion. 
«j  =  .087  cu.  ft.  by  measurement. 


«)8  =  . 0807  ^  =  .0727  lb. 
545 

4Q1 
M,  =  .0807||^=.06211b. 

Wag  =  .0727  X  .1646  =  .0120  lb. 
jOe  =  .0621  X  .055  =  .00342  lb. 

(T„,  -  545)  .012  =  (639  -  T^)  .00342 
.01542  Tm  =  8.72 
T,n  =  565° 
565°  -  459°  =n  106°  F. 

,491 


W3  =  .0807^  =  .0725  1b 
Wi  =  .0807  "1  =  .0612  lb 


Wa 


546 

491 

647' 

0725  X  .0932  =  .00676  lb. 
.0612  X  .037  =  .00226  lb. 


(7;,  -  546)  .00676  =  (647  -  T,„)  .00226 
.00902  7;„  =  5.15 
n,  =  572° 
573°  -  459°  =  113°  F. 


53. 


30.    Weight  per  Cithic  Foot. 
Data  Given. 


w„  =  weight   cu.  ft.   air    at  32°  F.  = 

.0807. 
To  —  absolute  temp,   corresponding    to 

33°  F.  t=  491°. 
Tm  =  absolute    temp,    of    mixture    as 

computed  in  39. 


Solution. 

To 
Wi  =  Wo  jr- 

= .0807  ^ 
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Wi  ■■ 


To  Find~ 
weight  cu.  ft.  of  mixture  at  T„ 


Examples. 
"A"  Run  No.  6: 

r„  =  565°  from  29. 

'•  B  "  Run  No.  6  : 

T„  =  572"  from  29. 


Ws  =  .0807  ^  =  .0692  lb. 


31.  Maximum  Velocity,  Feet  per  Second. 

54.  This  velocity  refers  strictly  to  the  rate  of  flow  of  the  enter- 
ing mixture  of  air  and  gas  and  not  to  the  final  mixture  in  the  cyl- 


inder. As  in  items  11,  17,  23,  this  maximum  veloeitv  is  for  use 
in  making  comparative  tests  only,  and  for  determining  points  of 
design. 


PRESSURE    FROM    INDICATOR   CARDS. 

55.  The  indicator  card  bears  such  an  important  relation  to  the 
test  that  great  care  should  be  taken  to  have  the  reducing  motion, 
indicator,  and  all  connections  properly  adjusted.    Owing  to  the  ex- 
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treme  maximum  pressure  resulting  from  the  explosion,  the  ordi- 
nary steam  engine  indicator  is  far  too  delicate  for  service.     A 


special  gas  engine  indicator  with  a  small  piston,  strong  spring, 
strengthened  pencil  arm  and  carefully  adjusted  pin  connections  is 
very  necessary.    It  is  well  at  all  times  to  keep  the  pipe  leading  to 
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the  indicator  packed  with  cotton  waste  saturated  frequently  with 
water,  to  prevent  the  temperature  of  the  indicator  from  becoming 
excessive  and  thus  rendering  it  unreliable.  When  it  can  be  easily 
done  it  is  an  excellent  plan  to  jacket  this  connection. 

Care  should  always  be  taken  to  record  on  the  log  sheet  the 
scale  of  the  spring  used.  Never  trust  to  memory  for  this  or  any 
other  fact. 

When  the  compression  cylinder  is  independent,  the  scale  of  the 
spring  used  for  the  cards  taken  from  this  cylinder  should  also  be 
recorded  on  the  log  sheet,  and  the  card  so  taken  should  be  reduced 
to  the  same  scale  and  combined  with  the  power  card. 

For  convenience  in  making  this  combination  care  should  be  ex- 


ercised in  adjusting  the  reducing  motion  to  insure  the  same  length 
of  card  in  both  cases. 

56.  The  reducing  motion  may  be  any  one  of  the  forms  usually 
constructed  for  such  purposes,  provided  it  can  be  readily  attached. 

The  lack  of  a  cross-head  and  the  enclosed  crank  case  on  the 
modern  gas  engine  prevent  the  use  of  some  reducing  motions. 
The  forms  shown  have  been  used  with  perfect  satisfaction  upon  the 
engines  tested  at  Columbia,  that  shown  in  Fig.  303,  for  horizontal 
engines,  and  that  in  Fig.  304  for  vertical.  They  are  especially 
recommended  for  cheapness  and  for  the  ease  with  which  they  can 
be  constructed  on  the  grounds. 

The  utmost  care  should  be  exercised  in  adjusting  the  reducing 
motion.  It  is  not  sufficiently  accurate  to  regulate  merely  by  the 
eye,  but  sample  cards  should  be  taken  and  adjustments  made  until 
the  motion  is  correct. 

57.  Fig.  305  shows  the  result  when  the  true  position  of  the  re- 
ducing motion  is  seriously  disturbed.  The  engine  appears  to  con- 
tinue compressing  long  after  the  piston  has  started  toward  the 

47- 
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crank  end  of  the  cylinder,  the  maxiniiini  compression  pressure 
being  sho^^^l  at  S,  at  which  point  the  ignition  takes  place.  The 
series  of  explosions  whicli  follow  in  rapid  succession  when  the  igni- 


tion is  early,  as  is  the  case  in  this  instance,  appear  seriously  dis- 
torted, continuing  apparently  through  the  greater  part  of  the 
stroke,  an  effect  produced  by  the  relatively  high  speed  of  the  in- 


dicator drum.  With  a  card  so  seriously  distorted,  the  error  is 
quickly  perceived,  but  when  the  error  is  as  shown  in  Fig.  306,  the 
difficulty  is  not  quite  as  apparent. 

A  casual  glance  might  lead  one  to  suppose  this  form  of  card 


due  to  late  ignition,  but  closer  examination  will  show  the  compres- 
sion pressure  to  be  steadily  rising  to  the  point  S.  This  indicates 
that  the  reducing  motion  is  still  incorrectly  adjusted. 
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When  a  similar  effect  is  produced  by  late  ignition  only  and  the 
reducing  motion  is  properly  set,  the  line  from  £  to  S  is  horizontal 
or  even  depressed,  as  shown  in  Figs.  307  and  308. 

58.  Fig.  309  shows  a  case  which  is  approaching  the  limiting 
position  of  the  reducing  motion,  but  close  scrutiny  shows  the  com- 
pression to  continue  slightly  after  the  engine  has  passed  its  dead- 


centre.  The  early  ignition  shown  in  Fig.  309  tends  to  conceal  the 
fault  due  to  the  reducing  motion,  and  in  cases  where  the  ignitien 
is  premature  great  care  should  be  taken  to  secure  the  proper  regu- 
lation before  ignition  is  set  too  early. 

In  Fig.  310  is  shown  the  typical  card  with  early  ignition  and 
the  reducing  motion  properly  set  so  that  the  maximum  compression 
as  shown  by  the  card  corresponds  to  the  position  of  the  inner  dead- 
centre  of  the  engine. 


Errors  of  the  kind  just  described,  although  apparently  slight 
in  the  limiting  cases,  should  be  guarded  against,  as  the  deductions 
of  the  entire  test  may  be  seriously  affected  by  such  oversights. 

To  insure  accuracy  it  is  better  to  establish  the  line  LC,  Fig.  311, 
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by  allownng  the  indicator  drum  to  remain  stationary  while  the  indi- 
cator cock  is  opened  and  the  pencil  moved  up  and  down,  than 
simply  to  draw  LC  at  right  angles  to  the  atmospheric  line.  The 
lines  of  zero  volume  and  zero  pressure  can  then  be  drawn  parallel 
to  LC  and  the  atmospheric  line  res2:)ectively. 

32.  Pressure  at  End  of  Compression. 

59.  Referring  to  the  diagram  (Fig.  311),  the  absolute  com- 
pression pressure  is  represented  by  the  distance  LB,  measured 
from  the  line  of  zero  pressures. 

33.  Maxirnuin  Pressure,  or  Pressure  at  the  Beginning  of 
Expansion. 

60.  Some  care  is  necessary  in  determining  this  value  in  cases 
where  the  diagram  shows  a  series  of  explosive  waves.     In  Fig.  311 


the  distance  measured  from  the  zero  pressure  line  to  the  point  C 
is  easily  determined  as  the  maximum  pressure,  but  in  cases  like 
Fig.  312  the  possibility  of  error  is  much  greater. 

By  marking  the  centre  points  of  the  series  of  explosion  peaks 
and  continuing  the  expansion  line  from  some  lower  point  in  the 
curve  through  these  points,  a  fairly  accurate  determination  of  the 
maximum  pressure  may  be  made. 

If  the  value  of  n  determined  in  28  be  regarded  as  accurate,  a 
very  good  check  may  be  had  upon  the  maximmn  pressure  obtained 
graphically,  by  computing  the  pressure  from  the  equation  of  the 
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34.  Pressure  at  End  of  Expansion. 

61.  The  determination  of  the  end  of  expansion,  or  point  of  re- 
lease, is  often  attended  by  some  difficulty,  as  the  point  is  not 
marked  by  any  sudden  change  in  the  direction  of  the  expansion 
curve,  but  is  at  the  point  of  intlcxiou,/)  (Fit;;.  312).  As  in  the  other 
cases  the  pressure  is  measured  from  the  zero  lines  of  pressures. 

35.  Pressure  if  Expansion  were  Carried  to  End  of  Stroke. 

62.  This  value  is  readily  obtained  from  the  equation  of  the  ex- 
pansion curve,  the  value  of  the  exponent  n  having  been  computed 
in  28.  If  the  expansion  were  thus  continued  it  would  give  the 
point  H,  as  shown  in  Fig.  312.  The  pressure  corresponding  to  the 
point  H  is  deduced  as  follows : 


Data  Given. 

Vi  =  volume  at  some  point  of  tbe  card. 
P,  =  pressure  corresponding  to  Vj. 
n   =  value  deduced  in  28. 
Fj  =  total  volume  of  cylinder. 

To  Find— 
Pj  =  pressure     corresponding    to    Vq  ; 
i.  e.,  if  expansion  continued  to  H. 


Exii  mples. 
"  A  "  Run  No.  6  ; 
Fi  =  12.2  for  one  point  of  card. 
P,  =  6.5  pounds  pressure  corresponding 

to  F,. 
n  =1.14  from  item  28. 
Fj  =  15.9  for  total  volume  of  cylinder. 


"B"  Run  No.  6: 
F,  =  8  for  one  point  of  card. 
Pi  =  61  pounds  pressure  corresponding 

to  r,. 

n  =  1.21  from  item  28. 

Fj  =  11.25  for  total  volume  of  cylinder. 


Solution. 


log.  Pi  =  log.  Pi    +  7i  log.   -^ 

The  volumes  being  used  as  a  ratio, 
the  piston  area  may  be  omitted,  the  ratio 
of  lengths  being  the  same  as  the  ratio 
of  volumes,  as  is  customary  in  working 
with  indicator  cards. 


=  ^Hi5:9J 


1.14  log.  ^1  =  9.86885-10 


log. 

65   =  1.81291 

log. 

Pi  =  1.68176 

Pi  =48 

Pi 

-(ni)" 

1.21  log. 

ir25  =■»■»»»" 

log. 

61    =1.78533 

log. 

Pi   =1,60609 

P,  =40.5 

742 


WOKKING    DETAILS   OF   A   GAS   ENGINE   TEST. 


36.  Mean  Effective  Pressure. 

63.  It  is  necessary  to  determine  the  area  of  the  diagram, 
and  for  this  purpose  the  planimeter  should  be  used,  although  other 
methods  will  answer,  but  are  very  tedious  and  not  as  accurate.  The 


length  of  the  diagram  is  determined  by  the  lines  LM  and  EW 
(Fig.  312),  and  is  equal  to  LB. 

The  area  in  square  inches  divided  by  the  length  of  the  diagram 
in  inches,  multiplied  by  the  scale  of  the  spring  used,  will  give  the 
mean  effective  pressure  in  pounds  per  square  inch. 


Data  Given. 
A  =  area  diagram,  sq.  ins. 
L  =  length  diagram,  ins. 
8  =  scale  of  spring  used. 

To  Find— 
M.  E.  P.  =  mean  effective  pressure. 

Examples. 
'  A  "  Run  No.  6  : 

A  =    .84  sq.  ins. 

L  =3.04  ins. 

S  =  240  Ills,  per  inch  height. 

■  B  "  Run  No.  6  : 

A  =    .65  sq.  ins. 

L  =  2.76  ins. 

S  =  240  lbs.  per  inch  height. 


Solution. 


■-  66.3  lbs.  persq.in 


:  56.51bs. persq.in. 


37.   Temperature.,  Degrees  Fahr. 
64.  The  subject  of  exhaust  temperatures  has  occasioned  much 
discussion  since  the  advent  of  gas  engines,  but,  as  far  as  the  writer 


WORKING   DETAILS   OF  A   GAS   ENGINE   TEST.  743 

is  informed,  very  few  methods  have  been  devised  for  securing 
even  an  approximation  to  the  correct  temperatures,  and  even 
these  devices  seem  too  complicated  or  too  expensive  for  ordinary 
use. 

Until  recently  there  seems  to  have  been  little  or  no  comprehen- 
sion of  the  real  temperatures  of  these  exhaust  gases,  and  to-day, 
even  when  an  appreciation  of  the  high  range  of  temperatures  is  had, 
there  seems  to  be  a  feeling  that  some  slight  modification  of  the 
design  of  the  engine  will  enable  the  inventor  to  save  this  excessive 
waste,  and  thus  to  secure  for  himself  the  fortune  that  would  result 
from  the  invention  of  engines  showing  a  higher  efficiency.  In  the 
writer's  opinion  this  cannot  be  done  with  engines  working  on  the 


Otto  or  Beau  de  Eochas  cycle,  save  by  a  reduction  of  the  final  or 
exhaust  pressure.  It  can  be  easily  shown  that  with  high  pressure 
of  release,  high  exhaust  temperatures  must  follow.  Some  attempts 
have  been  made  to  reduce  this  terminal  pressure  by  compounding 
or  other  means,  and  while  some  degree  of  success  has  been  attained, 
yet  the  results  have  not  been  of  a  nature  to  create  any  great  en- 
thusiasm, and  this  leads  at  once  to  the  query,"  Is  this  the  best  cycle 
to  use  for  the  most  effective  results? "  It  is  not  within  the  scope 
of  this  paper  to  treat  this  problem,  but  experimental  results  lead 
to  renewed  interest  in  the  paper  read  by  Mr.  Charles  E.  Lucke  at 
the  last  meeting  of  the  Society,  entitled,  "  The  Heat-Engine  Prob- 
lem," in  which  the  possibilities  of  the  different  cycles  are  treated 
in  detail,  leading  to  strong  recommendations  for  non-explosive  en- 
gines. 

65.  The  details  of  apparatus  for  determining  the  temperature 
of  the  exhaust  gases  are  given  in  the  paper  previously  referred  to 
in  paragraph  29,  but  the  method  of  computation  will  be  outlined 
under  the  present  heading. 

Having  determined  the  temperature  of  the  mixture  in  the  cylin- 
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der  at  atmospheric  pressure,  as  recorded  in  item  29,  the  method 
employed  for  the  present  deduction  is  very  simple: 


Data  Oiven. 

Solution. 

(See  Fig.  313.) 

The  volumes  at  A  and  i?  being 

3qual 

p- 

=  pressure   at  ^  =  atmospli.    pres- 

^ =  -^  or  r.  =  r„-^ 

V'„,              Pa                                                   p. 

Pn 

sure  =  14.7  lbs. 
=  pressure  at  Z/  =  value  of  item  35. 

r»  -  459°  =  F.° 

T„ 

=  absolute  temp,  of  mixture  at  at- 
mosph.  pres.  =  item  39  +  459°. 

To  Find— 

Ts 

=  absolute  temp,  of  exhaust. 

Examples. 
A  "  Run  No.  6  : 

p„  =  14.7  lbs. 
p„  =  48  lbs. 

Th  =565-^  =  1,846° 
14  7 

T„  =  106°  +  459°  =  565° 

1,846°  -  459°  =  1,387°  F. 

' 

B  "  Run  Xo.  6  : 

1,579° -459°  =  1,130°  F. 

Pa  =  14.7  lbs. 
p»=  40.5  lbs. 
T„  =  113°  +  459°  =  572°. 

66.  Owing  to  the  throttling  of  the  entering  gases  the  mixture 
in  the  cylinder  is  slightly  below  atmospheric  pressure  at  full  cjlin- 
der  volume,  but  the  amount  is  not  large  and  is  not  worth  consider- 
ing wlien  compared  with  the  possible  errors  which  may  occur  in 
obtaining  the  various  pressures  from  the  indicator  card  when  a 
higli-jjressure  spring  is  used.  The  temperature  at  release  would,  of 
course,  be  considerably  higher  than  that  given  for  the  point  H. 
That  the  exliaust  temperatures  cannot  be  as  low  as  has  been  fre- 
quently supposed,  even  by  recognised  authorities,  is  readily  shown 
by  a  very  brief  calculation : 

For  an  extreme  case  give  both  the  temperature  of  the  mixture 
and  the  pressure  H  very  low  values,  thus  reducing  the  exhaust 
temperature  to  a  minimum. 

Suppose  the  temperature  of  the  mixture  to  be  as  cool  as  the 
atmosphere  on  a  cool  day,  say  60  degrees  Fahr.,  and  take  the  pres- 
sure at  H  as  low  as  35  pounds.  The  resulting  exhaust  temperature 
even  under  these  extreme  conditions,  must  be 


T,  =  519 


35 
1477 


1,234  degrees  or  775  degrees  Fahr. 
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38.  Maximum  Velocity,  Feet  ptr  Second. 

67.  As  in  items  11,  17,  23,  31,  this  maximum  velocity  is  for 
use  in  making  comparative  tests  only,  and  for  determining  points 
of  design. 

39.  Specific  Heat,  C„. 

68.  Unless  the  specific  heat  of  the  exhaust  gases  can  be  readily 
obtained,  the  sjsecific  heat  at  constant  volume  may  be  taken  the 
same  as  for  air,  namely,   C^  =  .1691. 


40.  Air  to  Gas  to  Neutrals. 

69.  By  "  neutrals  "  is  meant  the  products  of  combustion  left 
in  the  cylinder  of  a  non-scavenging  engine  after  exhaust — an 
amount  equal  in  volume  to  that  of  the  clearance  space. 

In  determining  the  proportions  called  for,  the  number  of  cubic 
feet  of  gas  is  taken  as  unity,  and  the  temperature  of  the  gas  is 
taken  as  the  basis  for  the  computation.  The  quantities  of  air 
and  neutrals  must  be  reduced  to  corresponding  amounts  at  this 
temperature. 

The  cubic  feet  of  air  used  in  ten  minutes  or  an  hour  cannot 
be  taken  as  a  basis  of  comparison,  without  modification,  owing  to 
the  misses  of  explosions,  in  which  case  air  is  taken  into  the  cylinder 
without  gas. 

Dittri  Gii'en. 
7'i=  absolute    temperature    of    air  = 

item  15  +  459°. 
Ti  =  absolute   temperature    of    gas  = 

item  21  +  459°. 
T,  —  absolute  temp,  of  exbaust  gases 
=  item  14  of  log  +  459°. 

at  atmospheric  pressure. 
d'  =  cu.  ft.  gas  per  explosion  at  T-^  as 

computed  in  39. 
e  "  =  cu.  ft.  air  per  explosion  at  Tx  as 

computed  in  29. 
11,  =  cu.  ft   neutrals  per  explosion. 
=  volume  of  clearance  =  Vt,- 
To  Find— 
D,  =  cu.  ft.  air  per  explosion  at  T-i. 
r,  =  cu.  ft.  neutrals  per  explosion  at  Ti. 
v.:v'  -.v  .  =  ? 


V,        T, 

V         T,        ' 

V.       1\ 

V.     Y      '•-  = 

Taking  » '  as  the  basis, 
unity,  then 


i.e.    calling   n 
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Examples. 
•  A  "  Run  No.  6  : 

r,  =  86°  +  459°  =  545°. 
r,  =  86°  +  459°  =  545° 
T,  =  180°  +  459°  =  639° 
v'  =  .0196  cu.  ft, 
v"  =  .1450cu.  ft. 
V.  =  .0550  cu.  ft. 

■  B  ■'  Run  No.  6  : 

r,  =  87°  +  459°  =  546°. 
T,  =  87°  +  459°  =  546°. 
T,  =  188°  +  459°  =647°. 
v'  =  .0163  cu.  ft. 
»"  =  .0769  cu.  ft. 
D,  =  .0370  cu.  ft. 


tiz=   .055^=  .0469  cu.  ft. 
Vt   -.1]'  ■.Vz  =  7.4  :  1  :  3.4. 


KAK 

«.  =--  .0769^'^=  .0769  cu.  ft. 
545 


Dx  :  »'  :»j  =  4.7  :  1  :  1.9. 


41.  Stroke  to  Expansion. 

70.  This  ratio  shows  the  regularity  of  the  opening  of  the  ex- 
haust valve,  i.e.,  the  position  in  the  stroke  of  the  point  of  release, 
and  is  equal  to  the  ratio  of  the  full  stroke  to  the  horizontal  projec- 
tion of  the  expansion  curve  taken  to  the  release  point.  In  the 
diagram  shown  in  Fig.  3 14,  it  is  the  ratio  of  FA  to  FJ. 


Fig.  314. 


For  "  A  "  run  No.  6,  this  ratio  was  1.14,  and  for  "  B  "  run  No. 
6,  1.10. 

The  point  of  release  does  not  seem  always  to  correspond  to  the 
point  of  opening  of  the  exhaust  valve.  The  piston  is  moving  rapidly 
and  the  drop  in  pressure  is  not  always  shown  at  once,  especially  if 
the  exhaust  valve  motion  is  not  rigid,  or  if  the  exhaust  valve  is 
of  insufficient  area. 


42.    Yolumes  v^,  to  i>,. 

71.  In  the  diagram  (Fig.  31.5),  v^  is  proportional  to  the  length 
OL,  and  represents  the  clearance  volume  of  the  cylinder.     ■Uj  is 
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proportional  to  the  length   OR  and  represents  the  full  cylinder 
volume — the  clearance  plus  the  stroke.     The  ratio  —  is  therefore 


OR 


equal  to-^jy.     For  "A"  run  IS'o.  6  this  ratio  was  4.68  and  for 
"  B"  run  No.  6,  it  was  5.00. 


43.  Maximum  Pressure  to  Mean  Effective  Pressure. 

This  ratio  shows  the  relation  between  the  pressure  produced 
by  explosion  and  the  true  working  pressure,  and  gives  an  especially 
good  idea  of  the  possibilities  of  different  engines  in  comparative 
tests,  as  well  as  determining  the  possible  degree  of  constancy  in 
this  relation  for  any  single  engine.     It  is  stated  by  some  writers 


Fig.  315. 


that  in  practice  it  is  found  advantageous  to  proportion  the  amount 
of  metal  in  the  moving  parts  to  this  ratio.  For  "  A  "  run  No.  6, 
the  maximum  pressure  was  298  lbs.,  and  the  mean  effective 
pressure  as  given  in  item  36  was  66.3  lbs.,  thus  giving  a  ratio  of 
4.50.  For  "  B  "  rim  No.  6,  the  maximum  pressure  was  238  lbs., 
and  the  mean  effective  pressure  56.5  lbs.,  giving  the  ratio  of  4.21. 

44.  Maximum  Pi'essure  to  Compression  Pressure. 

72.  Not  only  will  variations  in  this  relation  tend  to  show  changes 
in  the  quality  of  the  mixture,  due  either  to  fluctuations  in  the 
quality  of  gas  used,  or  to  differences  in  the  proportions  of  air  to 
gas;    but  it  also  gives  insight  into  possible  changes  in  the  form 
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of  the  combustion  chamber  for  securing  the  best  possible  flame 
propagation  after  explosion,  thus  insuring  the  most  complete  com- 
bustion of  the  mixture,  or  maximum  measure  of  heat  that  becomes 
eilective. 

It  has  been  clauned  that  conditions  have  been  attained  under 
which  this  ratio  has  reached  a  figure  as  high  as  ten,  but  in  general 
it  is  found  to  be  about  three  or  three  and  one-half,  and  occasionally 
as  high  as  five.  Cases  have  been  reported  of  six  and  seven,  but 
investigation  revealed  the  fact  that  the  pressures  were  measured 
from  the  atmospheric  line.  "  A  "  run  No.  6  =  3.28.  "  B  "  run 
No.  6  =  2.62. 


45.    Value  of  E. 

73.  In  order  to  compute  the  temperatures  corresponding  to  dif- 
ferent points  in  the  indicated  diagram,  it  is  necessary  that  the 
temperature  of  some  one  point  be  known,  and  it  is  for  this 
reason  that  the  temperature  of  the  exhaust  gases  proves  of  so 
much  interest. 

In  engines  of  the  ordinary  size  it  is  hardly  possible  to  perceive 
by  means  of  the  indicator  diagram  when  a  high-pressure  spring  is 
used  any  considerable  reduction  in  the  pressure  of  the  mixture 
just  after  entering  the  cylinder.  In  most  cases  the  reduction  in 
pressure  is  slight  and  has  very  little  effect  upon  the  temperatures, 
and  it  is  sufficiently  accurate  to  regard  the  pressure  of  the  mixture 
at  full  cylinder  volume  as  that  of  the  atmosphere,  or  14.7  pounds 
per  square  inch.  If  the  temperature  of  a  perfect  gas  varies  during 
expansion,  the  product  of  the  pressure  and  volume  is  in  proportion 
to  the  absolute  temperature. 

"  R  "  is  the  constant  which  enters  into  the  mathematical  state- 
ment of  the  above  law,  viz.;  PV  —  BT. 


Data  Oiven. 
Pa  =  atmospheric  pre.ssure  per  sq.  ft. 

=  2,117  lbs.  per  sq.  ft. 
Dj  =  total  vol.  of  cj-linder  in  cu.  ft. 
T^  =  absolute  temperature  of  mixture 
filling  cylinder  before  compres- 
sion begins. 
=  item  29  +  459°. 

To  Find— 
R  =  a  constant. 


Solution. 
By  tlie  above  law  ; 

P„ih  =  ET. 
R-   ^""^ 
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Examples 
'  A  "  Run  No.  6  : 

Po  =  2,117  lbs.  persq.  ft. 
V,  =  .360  cu.  ft. 
T„  =  106°  +  459°  =  565°. 

'  B  "  Run  No.  6  : 

Pa  =  2,117  lbs.  per  sq.  ft. 
«a  =  .1844  cu.  ft. 
r„  =  113°  +  459°  =  573°. 


46.   Temperature,  Degrees  Fahr.,  at  Compression. 

74.  Having  determined  "iJ,"  as  in  45,  the  temperatures  cor- 
responding to  any  point  in  the  diagram  are  readily  determined 
by  the  general  formula  used  in  obtaining  "  R  "  after  solving  for  T. 


Data  Oieen. 
In  general. 
P  =  pressure  in  lbs.  per  sq.  ft. 

V  ^=  corresponding  vol,  in  cu.  ft. 
R  =  constant  detennined  in  45. 

To  Find— 
T  =  absolute  temperature  corresponding 
to  the  point  of  the  diagram  se- 
lected. 

For  the  temperatures  of  compression. 

Examples. 

"A"  KunNo.  6: 
P  =  pressure  at  compres.sion  per  sq.  ft. 

=  91  X  144  =  item  So  x  144. 
F  =  »s  =  clearance  vol.  =:  .055  cu.  ft. 
iJ  =  .973  from  45, 

"B"  Run  No,  6, 
P  =  pressure  at  compression  per  sq.  ft. 
=  91  X  144  =  item  35  x  144. 

V  =  xii  =  clearance  vol.  =  .087. 
iJ  =  .681  from  45. 


Solution. 

_pr 

"    R 


_  91  X  144  X  .055  _    . 
.973 

741°  -  459°  =  382°  F. 


.681 
711°  -  459°  =  252°  F. 


47.  Maximum  Temperature,  Degrees  Fahr. 

75.  Since  the  maximum  temperature  does  not  necessarily  cor- 
respond to  the  maxunum  pressure,  but  depends  upon  the  maxi- 
mum value  of  the  product  of  pressure  and  volume,  it  would  in 
general  be  determined  bv  the  formula  used  in  46. 

In  cases  where  the  ignition  line  rises  vertically  from  the  point 
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of  maximum  compression  and  where  the  expansion  curve  drops 
at  once  from  the  maximum  pressure,  it  is  apparent  that  the  maxi- 
mum temperature  corresponds  to  the  maximum  pressure.  Under 
these  conditions,  the  volumes  being  equal,  the  absolute  tempera- 


tures will  be  proportional  to  the  pressures.  The  diagrams  from 
the  two  engines  considered  present  the  different  conditions  very 
clearly  in  the  runs  selected. 

Consider  the  diagram,  Fig.  317,  for  run  No.  6  of  test  "  B." 


Data  Given. 
p,  =z  maximum   pressure,   lbs.    per   s<j. 

in.  =  item  36. 
Pi  =  compression  pressure,  lbs.  per  sq. 

in.  =  item  35. 
Tt  =  absolute    temp,     at     compression 

=  item  46  +  459°. 

To  Find— 
Tf  =  absolute  maximum  temperature. 

Example, 
p,  =  298  lbs.  per  sq.  in. 
pt  =  91  lbs.  per  sq.  in. 
1\  =  282°  +  459°  =  741°. 

If  the  same  computation  be  made  by 
the  formula  of  46,  the  clearance  volume 
Wj,  is  necessary. 

t's  =  .055  cu.  ft. 


r,  =  t;  ^ 


T,  =  741 


298 
91  ' 


:  2,429° 


2,429°  -  459°  =  1,970°  F. 


By  the  method  of  46 

298  X  144  X  .055 


2,429° 


.973 
2,429°  -  459°  =  1,970°  F. 


Consider  the  diagram,  Fig  .  317,  for  run  No.  6  of  test  "  B." 
76.  In  this  case  it  is  not  apparent  without  some  calculation  at 

which  point  the  maximum  temperature  will  occur.  Since   I  =      p 
it  is  only  necessary  to  determine  the  point  for  which  the  product 
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of  the  pressure  and  volume  is  a  maximum.  The  most  direct  and 
simplest  method  seems  to  be  by  direct  trial  by  measurement,  as 
follows : 


For  the  points  0,  1,  2,  3,  4,  the  volumes  in  cubic  feet  are  re- 
spectively 

.0395  .0417  .0438  .0453  .0460 

and  the  pressures  in  pounds  per  square  inches  are 

238  233  228  225  221 

The  products  of  the  corresponding  pressures  and  volumes  are 

9.42  9.74  10.00  10.20  10.15 

showing  the  point  marked  3  to  have  the  highest  temperature. 
Using  the  value  of  B  deduced  in  45,  the  temperature  for  the  point 
3  is  found  to  be 


T,= 


225  X  144  X  .0453 
[681 


=  2,159°  =  1,700°  F. 


ENERGIES. 


48.  Brake  Vi^ork.  in  Foot  Pounds. 

11.  The  usual  method  of  measuring  the  output  of  an  engine  is 
by  means  of  some  form  of  friction  brake.  At  times  special  dyna- 
mometers are  used,  but  usually  some  form  of  the  simple  prony 
brake. 

For  moderate  powers  the  form  of  brake  shown  in  Fig.  318  has 
been  found  very  satisfactory. 

It  consists  of  two  or  more  cotton  or  hemp  ropes  one-half  or  five- 
eighths  inch  in  diameter  encircling  the  wheel  and  lield  in  place 
by  five  or  six  blocks  of  wood  fitting  loosely  over  the  rim  of  the 
wheel,  and  to  which  the  ropes  are  fastened.    The  bottom  tie-bar 
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of  the  standards  is  fitted  with  a  knife  edge  which  rests  on  ordinary 
platform  scales.  The  npper  ends  of  the  ropes  are  attached  to  a 
movable  block,  which  can  be  adjusted  by  means  of  the  hand- 
wheels  to  produce  any  desired  friction  upon  the  wheel. 


C     -J u      > 


ii 


Fig.  318. 


78.  The  downward  pull  of  the  ropes  produced  by  this  friction 
is  transmitted  through  the  frame  of  the  brake  to  the  scales. 

If  the  wheel  face  be  fairly  wide  and  the  diameter  of  the  wheel 
large,  the  surface  exposed  to  the  air  will  allow  sufficient  radiation 
to  keep  the  temperature  of  the  wheel  low  enough  to  avoid  the  neces- 
sity of  the  use  of  water.  This  form  of  brake  has  been  found  very 
steady,  requiring  little  regulation. 

While  the  writer  was  at  the  Case  School  of  Applied  Science, 
such  a  brake  was  used  upon  the  ten-foot  fly-wheel  of  a  Corliss  en- 
gine from  which  seventy-five  horse-power  was  readily  taken,  and 
no  water  was  found  necessary  for  a  continuous  run  of  three  hours. 
Six  ropes  one-half  inch  in  diameter  were  used,  the  wheel  rim  being 
fifteen  inches  in  width.  The  same  roj^es  were  used  for  several 
seasons,  and  showed  no  signs  of  wear  or  burning.  In  many 
cases  other  forms  of  brake  would  undoubtedly  prove  more  con- 
venient or  desirable. 
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The  determination  of  the  brake  work  in  foot  pounds  is  as  fol- 
lows : 


Solution. 
Ft   lbs.  per  min.  =  P  -inl-  (R.  P.  M.) 
Tn  case  of  the  special  rope  brake,  /  3= 
radius  of  wheel,  or  il  =  i>,  then 
ft.  lbs.  per  int.  -  PnDN. 


Ft.  lbs.  per  int.  = 

70  X  3.14  X  3.75  X  2,679 
=  2,210,000  ft.  lbs. 


Ft.  lbs.  per  int.  = 

30  X  8.14  X  3.25  X  3,012 
=  931,000  ft.  lbs. 


Data  0-iven. 
P  =  net  pressure  on  scales,  in  lbs. 
I  =  effective  lever  arm.  in  ft. 
iV  =  No.  revs,  per  time  interval. 

To  Find— 
Foot  pounds  per  time  interval. 

Examples. 
"  A  "  Run  No.  6  : 
P  =  70  lbs. 
21=  D  =  3.75  ft. 
^=  2.679  revs,  for  10  mins. 
ff  =  3.14. 

"  B  "  Run  No.  6  : 

P  =  30  lbs. 

21  =  D  =  3.25  ft. 

N  =  3,012  revs,  for  10  mins. 

TT  =  3.14. 


49.  Brake  Work,  Foot  Pounds  per  Hour. 

79.  This  is  readily  deduced  from  the  last  deduction: 

For  "  A  "  Kun  No.  6  =  2,210,000  x  6  =  13,260,000  ft.  lbs. 
For  "  B  "  Eun  No.  6  =     921,000  x  6  =    5,526,000  ft.  lbs. 

50.  Brake  Horse-power,  B.  H.  P. 

80.  Horse-power  being 

ft.  lbs.  per  min.  tj    rr  p  _  ft.  lbs,  pei'  int.  from  48 

33;000        '  ~  33,000  x  int. 

2.210,000 
For  "  A  "  Run  No.  6  :  B.  H.  P.  =.  J^'t.^      .^  =  6.7. 


For  "  B  "  Run  No.  6  :  B.  H.  P.  = 


33,000  X  10 

921,000 
3X000  X  10 


=  2.79. 


51.  British  Thermal  Units  Equivalent  to  B.  H.  P. 

81.  The  heat  unit  being  taken  as  the  consumption  standard,  it 
is  necessary,  in  order  to  determine  thermal  efficiencies,  to  express 
48 
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the  horse-powers,  or  ratio  of  doing  work,  in  terms  of  this  unit. 
Since  one  thermal  unit  is  equivalent  to  778  foot  pounds,  to  convert 
horse-power  to  thermal  units  proceed  as  follows : 


Data  Given. 
1  H.  P.  =  33,00(1.  ft.  lbs.  per  mm. 
1  B.  T.  U.  =  778  ft.  lbs. 

B.  H.  P.  =  brake  horse-power  of  50. 
int.  —  time  iDterval  of  item  3. 

To  Find 
B.  T.  U.  per  int.  equivalent  to  B.  H.  P. 

Examples. 
"  A  "  Run  No.  6  : 

B.  H.  P.  =6.70 

int.  =  10  mins. 

"B"  Run  No.  6: 

B.  H.  P.  =  3.79. 

int.  =  10  mins. 


Solution.] 
B.  T.  U.  per  min.  for 
33,000 


B.  T.  U.  per 

int.  =  42.4  X  B.  H.  P  X  int. 


B.  T.  U.  per 

int.  =  43.4  X  6.70  x  10  =  2,840. 


B.  T.  U.  per 
int.  =43.4  X  2  79  x  10  =  1,180. 


52.  Indicated  Horse-power,  I.  H.  P 


82.  The  indicated  horse-power  is  determined  by  means  of  the 
mean  effective  pressure  obtained  from  the  indicator  diagram. 
When  the  load  is  variable  these  diagrams  should  be  taken  at  fre- 
quent intervals,  and  it  is  often  advisable  to  allow  the  pencil 
to  trace  three  or  four  diagrams  on  the  same  card  and  use  the  aver- 
age mean  effective  pressure  obtained  from  these.  Under  uniform 
conditions  these  successive  tracings  will  show  little  variation. 
When  the  test  is  continued  for  many  hours,  so  that  the  time  inter- 
vals are  long,  it  is  well  to  take  cards  at  stated  periods  during  the 
regular  interval.  These  periods  should  seldom  exceed  fifteen 
minutes.  When  the  regular  time  interval  for  all  readings  is  ten 
or  fifteen  minutes  one  card  for  each  interval  is  sufficient,  provided 
slight  variations  only  are  found  in  the  different  cards  as  taken 
(see  remarks  under  Pressures  for  Indicator  Cards,  following  para- 
graph 31  of  this  paper,  and  for  the  calibration  of  indicator  springs, 
see  section  xiv.  of  the  "  Report  of  Committee  on  Standardizing 
a  System  of  Testing  Steam  Engines." 
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TO    DETEEMINE    THE    INDICATED    HORSE-POWER. 


P  =  M.  E.  P.  from  diagram  : 
Ij  =  length  of  stroke  in  ft. 
A  =  area  piston  in  sq.  ins. 
N  —  No.  explosions  per  min. 

-     Examples. 
"A"  Run  No.  6. 

P  =66.3  lbs. 
L  =  1.04  ft. 
4  =  28.3  sq.  ins. 
iV"=  133.9. 

"B"  Run  No.  6: 

P  =56.5  lbs. 
i  =  .75  ft. 
4  =  38.3  sq.  ins. 
iV=93.4. 


item  36. 


I.  H.  P.  = 


PLAN 
33,000 


I.H.P.: 


66.3x1.04x28.3x133.9 
33,000 


56.5  X  .75  X  28.3 


33,000 


53.  Bi'itlsh  Thermal  Units  Equivalent  to  I.  H.  P. 

83.  The  determination  is  the  same  as  that  of  51,  with  the  ex- 
ception that  indicated  horse-power  is  substitued  for  brake  horse- 
power. 


'A"  Run  No.  6:     I.  H.  P.  =  7.93 
'B"  Run  No.  6:    I.  H.  P.  =3.40 


B.  T.  U. 
B.  T.  U. 


:  42.4  X  7.93  X  10  =  3,360 
:  42.4  X  3.4    X  10  =  1,440 


54.  6as  Horse-power,    55.  B.  T.  D.  Equivalent  to  Gas  H.  P.  =  Hi. 

84.  In  order  to  determine  the  theoretically  possible  power,  it  is 
necessary  to  know  the  heat  equivalent  of  the  fuel  used.  This  heat 
of  combustion  may  be  determined  by  chemical  analysis  or  by 
means  of  a  calorimeter.  The  calorimeter  generally  recommended 
seems  to  be  the  Mahler,  for  solid  fuels  and  oils,  and  Junker  for 
gas.  (See  "  Report  of  Committee  on  Standardizing  a  System 
of  Testing  Steam  Engines,"  and  "  Efficiency  Test  of  a  One  Hun- 
dred and  Twenty-five  Horse-power  Gas  Engine,"  by  C.  H.  Eobert- 
son,  paper  Ko.  907,  American  Society  of  Mechanical  Engineers.) 

Since  the  mixtures  considered  are  explosive  mixtures  andareiised 
under  such  conditions,  a  calorimeter  designed  and  calibrated  for  such 
conditions  should  be  used  for  accurate  determinations.  Such  a 
calorimeter  is  now  in  operation  at  Columbia.  When  it  is  inconven- 
ient to  secure  either  a  chemical  or  calorimeter  test,  it  is  usually 
possible  to  learn  through  the  company  supplying  the  fuel  its  ap- 
proximate heat  equivalent. 
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The  numbei'  of  heat  units  is  equal  to  the  heat  equivalent  of  one 
pound  of  coal  or  oil,  or  one  ciihic  foot  of  gas,  multiplied  by  the 
quantity  of  fuel  in  corresjionding  units. 

Data  Oiven.  Solution. 

Hf  =  heat  of  combustion  of  fuel  deter- 
ruiDed  by  analysis  or  calorimeter. 
F  =  lbs.   of  coal  or  oil,  or  cu.  ft.  of 
standard  gas  per  interval. 

To  Find- 
Ill  =  heat  equivalent  to  G.  H.  P. 
Hi  X  778 


Gas  H.  P.  = 


33,000  X  int. 


Emmples 
"  A  ■'  Run  No.  6 
Ef  =  650  B.   T.   U.   per  cu.  ft.  gas  at 
standard  temp.  60°  F. 
ii^=  2.5.2  cu.  ft.  gas  for  10  mins. 
=  item  25  -^  6. 
int.  =  10  mins.  =  item  2. 

"B"  Run  No.  6  : 
Ef  =  650  B.   T.  U.  per  cu.  ft.  gas  at 
standard  temp.  60°  F. 
Ji'=  14.6  cu.  ft.  gas  for  10  mins. 
=  item  25  -^  10. 
int.  =  10  mins.  =  item  3. 


Hi  =  B,y.  i  ■ 


ir,  =  650  X  25.3  =  16,400  B.  T.  U. 
16.400 


Gaa  H.  P. 


=  38.6. 


El  =  650  X  14.6  =  9,500  B.  T.  U. 
0,rm  X  778 


OasE.P. 


33,000  X  10 


22.4. 


56.  Heai  Siqyplied,  B.  T.  U.,from  Indicator  Card  =  H^. 

85.  There  is  always  a  wide  discrepancy  between  the  supply  of 
heat  shown  by  the  indicator — by  the  pressure  rise  line  BC  of  the 
diagrams — and  that  shown  by  the  calorimeter  or  chemical  test  of 
the  fuel. 

The  great  difference  in  the  values  of  these  two  quantities  is 
readily  seen  by  a  glance  at  items  66  and  67,  which  show  the 
efficiencies  based  on  these  different  values. 

The  computation  for  the  heat  supplied,  as  shown  by  the  indica- 
tor diagram,  involves  not  only  the  temperature  of  compression 
and  the  corresponding  temperature  from  the  expansion  curve,  but 
strictly  the  specific  heat  of  the  gases  before  and  after  explosion, 
and  during  the  process  of  explosion — a  value  which  is  indeter- 
minate— and  the  total  weight  of  these  gases.  This  tends  to 
seriously  complicate  the  problem,  but  the  specific  heat  will  be  as- 
srmied  the  same  before  and  after  explosion  and  can  in  both  cases 
be  regarded,  without  serious  error,  as  the  value  given  for  air. 
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c,  -. 

ExpB 


Data  Oiven. 

:  absolute  temperature  of  mixture 
in  cylinder  before  compression 
=  item  29  +  459°. 

:  absolute  temp,  of  entering  air 
and  gas  as  computed  in  para- 
graph 39. 

:  vol.  of  entering  air  and  gas  per 
explosion  at  Tag  as  computed 
in  Part  I.  of  29. 

;  clearance  vol.  of  cylinder. 

:  wgt.  per  cu.  ft.  of  mixture  at 
T„  as  computed  in  30. 

:  specific  heat  at  constant  vol.  = 

.1691. 
absolute   temp,   of  point   C   of 
diagram. 

r  absolute  temp,  of  compres.sion 
=  item  46  +  459°. 

=  total  explosions  per  time  in- 
terval. 


w„  =  I',   X   Wi, 

Hi'  -  C\(T,  -  2i)  w„  X  Exps. 


To  Find— 
V,  =  vol.  entering  air  and  gas  at  T„. 
c  =  total  vol.  per  explosion  of  mix- 
ture before  compressing. 
w„  =  total  wgt.  of  mixture  in  cylinder. 
El'  =  heat  supplied   in   B.  T.  U.  per 
time  interval. 

Examples. 
"  A"  Run  No.  6  : 

r„  =  106°  -h  459°  =  565°. 
T»  =  545°. 
v^  =  .  1646  cu.  ft. 
Vt  =  .055  cu.  ft. 
i«6=  .07011b. 
ft  =  . 1691 

T  =  1.970°  -<-  459°  =  2,439°. 
Z  =  282°  -I-  459°  =  741°. 
Iheps.  =  1,339  for  10  mins. 

86.  The  determination  of  the  temperature  (T^  corresponding 
to  the  point  C  of  the  diagrams  is  not  always  as  readily  made  as 
in  the  ease  just  cited,  as  may  be  observed  by  inspecting  Figs.  316 
and  317.  In  Fig.  316,  which  corresponds  to  run  No.  6,  of  test 
"  A,"  the  line  BC  oi  the  diagram  coincides  with  the  line  drawn 
through  B  parallel  to  the  line  of  zero  volumes,  thus  making  T° 
and  the  maximum  temperature,  deduced  in  47,  identical.  When, 
these  fortunate  conditions  do  not  exist,  as  in  Fig.  317,  or  run  Wo. 


.565 
'5 

«.  =  .171  -H  .055=  .226  cu.  ft. 
w„=  .336  X  .0701  =  .158  lb. 
Ui  =  .1091  (3,429  -  741)  .158  > 
=  6,040  B.  T.  U. 


1,339 
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6  of  test  "B,"  it  is  necessaryto  continue  the  expansion  curve  to  the 
point  C,  as  in  the  computation  for  H\  it  is  specified  that  the  tem- 
peratui'es  must  be  taken  for  constant  volume  points. 

When  any  question  exists  regarding  the  true  value  of  n  for  the 
equation  of  the  expansion  curve  near  the  point  C,  the  curve  may 
be  continued  from  points  below  by  the  eye  and  the  value  thus  ob- 
tained for  C  cheeked  with  that  found  by  the  equation.  In  the 
present  instance  the  pressure  at  C  was  found  to  be  about  282 
pounds. 

Having  determined  the  pressure  at  C  as  just  indicated,  the 

PV 

temperature  may  be  readily  computed  by  the  formula  T  =  -^- 

or  more  easily  by  direct  proportion,  since  the  temperature  at  B 
i«  already  known.    By  the  latter  method 


T.^T, 


2h 


T,  =  Yll  ^  =  2,203°  or  1,744°  F. 


1'his  result  is  quickly  checked  by  the  other  method,  or 


288  X  144  X. 037  ^^^^^3. 
.bol 


(Continuing  with  the  original  problem. 


'  B  "  Run  No.  6  : 

T,n  =  113°  +  459°  =  572° 
Tag  =  546° 
Vag  =  .0932  cu.  ft. 

«6  =  .037  cu.  ft. 
W6  =  .0693  lb. 

Cv  =  .1691 

T„  =  2,208° 

Tb  =  711° 
Exps.  =  934  per  10  min. 


'546 

Vs  =  .0976  +  .037  =  .1346  cu.  ft. 
?c,„  =  .1346  X  .0693  =  .0098  lb. 
n,'  -  .1691  (3,203  -  711)  .0093  x  934 
=  3,190  B.  T.  U. 


87.  In  the  solution  of  Heat  Extracted,  B.  T.  U.  from  indicator 
cards,  =  II2,  item  58,  the  same  values  of  C„,  w™,  and  £/xj)s.  enter 
the  calculations.  It  is,  therefore,  well  in  working  the  above  to  take 
the  product  C^,  w^,  Exps.  for  each  run  and  tabulate  the  results 
under  a  heading  "  K  "  for  further  use. 

Thus  for  "A"  No.  0,  K=  .1691  x  .158  x  .1339  =  3.58, 
and  for  "B"  No.  e,K=  .1691  x  .0093  x  934  =  1.47. 
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57.  Heat  Extracted^  B.  T.  U.,  hy  Ohservation  =  H^. 

88.  This  value  is  determined  by  an  analysis  of  the  exhaust  gases 
from  which  the  heat  equivalent  of  a  cubic  foot  of  these  gases  is 
determined. 


Baia  Qiven. 
Te  =  absolute  temp,    exhaust   at   at- 
mospheric pressure. 
=  item  14  of  log  +  459°. 
Tm  =  absolute  temp,  of  entering  mix- 
ture =  item  29  -i-  459°. 
Cp  =  specific  heat  at  constant  pressure 
Tag  =  absolute  temp    of  combined  air 

and  gas  as  found  in  29. 
Vag  =  combined  vol.  of  air  and  gas  per 

explosion  at  Tag- 
Tic  =  absolute    temp,    of    exhaust   as 
analyzed. 
A  =  B.  T.    U.    per  cu.    ft.    exhaust 
gases    at    Ti,    as    found    bv- 
analysis. 
Exps.  =  explosions  per  time  interval. 
W6  =  weight  per  cu.  ft.  by  analysis. 

To  Find— 
Vie  =  vol.  in  cu.  ft.  at  Tk  per  explosion. 
Wic  =  total  weight  per  explosion. 
JI,  =  total  heat  exhausted,  B.  T.  U.,  per 
time  interval. 


Ifi  =Cp(Te  -  T,„)  ir^  X  Exps.  +  h  > 
Ufcx  Expa. 


58.  Heat  Extracted,  B.  T.  U.,  from  Indicator  Card  —  H^. 

89.  This  is  the  heat  thrown  off  in  the  exhaust  as  derived  from 
the  pressures  shown  by  the  indicator  card. 


Data  Oiven. 
Th  =  absolute  temp,  of  exhaust  =  item 

37  -t-  4.59°. 
Tm  =  absolute  temp,  of  mixture  at  at- 
mospheric pressure  =  item  29  + 
459°. 
K  =  Ci,  X  w,n  X  Exps.  as  found  in  57. 

To  Find- 
.ffj'  =  heat   rejected,  B.T.U.,  per   time 
interval. 


Solution. 


n,-=K(TH-T„) 
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Exd  mples. 
"A"  Run  No.  6  : 
rfc=  1,387°  +  459°  =  1,846° 
2V.  =106°  +  459°  =  565°, 
£■=  3.58  from  57. 

"B"  Run  No.  6: 
n=  1,120°  +  459°  =  1,579° 
Tm  =113°  +  4,59°  =572°. 
£■=1.47  from  57. 


H,'  =  3.58  (1,846-565)  =  4,580  B.  T.  U. 


H^'  =  1.47  (1,579-573)  =  1 ,480  B.  T.  U. 


Both  in  this  solution,  and  in  that  of  57,  since  the  difference  of 
ti^mperatures  is  involved,  the  common  factor  may  be  omitted  if 
desired,  and  the  temperatures  taken  directly  from  the  report  blank 
in  Fahrenheit  degrees.    Thus  for  "  A  "  run  No.  6. 


t,  =  1,120°. 
f„,  =  113°. 
^=1.47. 


R,'  1.47  (1,120-113)  =  1,480  B.T.U. 


59.  Indicated  Horse-power  Minais  Brake  Horse-power. 

90.  The  difference  between  these  powers  is  frequently  called 
the  friction  horse-power.  It  is  not  alone  the  power  required  of 
the  engine  to  drive  its  own  mechanism,  but  includes  the  error  due 
to  inability  to  take  indicator  cards  every  explosion.  This  is  es- 
pecially important  mth  two  cycle  engines  with  throttling  gover- 
nors. 

The  calculation  consists  simply  in  subtracting  the  value  of  item 
50  from  item  52. 

For  "A"  run  No.  6  this  is  7.93  -  6.70  =  1.23, 
and  for  "  B  "  run  No.  6,  3.40  -  2.79  =  0.61. 

60.  Throttlhig  of  the  Entering  Mixture,  Cu.  Ft.  per  Explosion. 

91.  It  is  found,  as  might  be  expected,  that  the  final  volume  of 
the  mixture  in  the  cylinder  before  compression  is  not  equal  to  the 
full  cylinder  volume  if  the  mixture  is  taken  at  atmospheric  pres- 
sure. This  is  caused  in  part  by  the  brief  time  allowed  for  entering, 
and  in  part  by  valve  friction.  In  large  engines  this  throttling  may 
become  serious,  and  all  valves  should  be  positively  moved  and  not 
moved  by  suction. 

Owing  to  many  conditinns  which  nffcct  this  result,  the  <'ali-nla- 
tion  of  the  amount  is  apjiroximate  only,  but  gnvcs  an  idea  of  re- 
sults of  this  throttling  action. 
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In  computing  56  the  value  v^  obtained  is  equal  to  the  total  vol- 
ume for  explosion  of  mixture  at  atmospheric  pressure  before  com- 
pression, expressed  in  cubic  feet.    The  total  volume  of  the  cylinder 
minus  this  value  gives  the  effect  of  throttling. 
"  A  "  Eun  No.  6. 

Total  cylinder  vol.  =  .260  cu.  ft. 

From  57,  r\  =  .226  cu.  ft. 

Throttling  =  .034  cu.  ft. 

"  B  "  Eun  No.  6. 

Total  cylinder  vol.  =  .1844  cu.  ft. 

From  57,  v^  =  .134()  cu.  ft. 

Throttling  =  .0498  cu.  ft. 

61.  Percentage  of  Throttling. 

This  is  the  ratio  of  the  cubic  feet  throttled  to  the  total  cylinder 

volume  in  cubic  feet. 

0^4 
"  A  "  Eun  No.  6  :     —^    =  13.1  per  cent. 


0498 


"  B  "  Eun  No.  6  :      -J-^  =  27.0  per 
.ib44 


cent. 


62.    Work  that  would  he  Added  if  Expansion  were  Complete. 

92.  A  point  of  considerable  interest  was  presented  in  attempting 
to  make  the  computations  involved  in  this  column, 
ematical  work  required  is  given  below : 


The 


lath- 


FiG.  319. 
To  find  the  area  under  the  expansion  curve  proceed  as  follows: 


The  general  expression  for  the  area  is 
A=  \     pdv, 
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Substituting  the  value  of  p  found  above 

A  =  pi  Vi"       v~''dv 
hi 

A  =  pi  Vi"- 


whicb  reduces  to 


1-n 


A=' 


A  glance  at  this  formula  reveals  the  fact  that  the  value  of  A, 
which  corresponds  to  the  work  done,  depends  upon  the  value  of  n, 
and  in  carrying  out  the  solution  any  variation  in  n  makes  such 
serious  variation  in  the  value  of  A  that  no  dependence  can  be  placed 
upon  the  values  obtained  unless  the  values  of  n  can  be  guaranteed 
correct.  The  time  at  command  does  not  allow  further  investiga- 
tion at  present,  but  the  trial  solutions  revealed  a  possible  method 
of  making  more  accurate  determinations  of  the  value  of  n  than 
can  possibly  be  made  by  the  method  employed  in  paragraph  28. 
The  difficulty  arising  from  slight  variations  in  n  prevented  any  at- 
tempt to  supply  the  results  called  for  in  this  column  of  the  report. 

EFFICIENCIES. 

93.  The  efficiency  may  be  expressed  in  many  different  forms, 
as  indicated,  and  in  general  it  is  very  essential,  when  referring  to 
the  efficiency  of  a  gas  engine,  to  designate  clearly  to  which  effi- 
ciency reference  is  made,  in  order  to  avoid  serious  misunder- 
standing. 

The  mathematical  deductions  are  so  fully  indicated  in  the  head- 
ings of  the  various  columns  that  further  explanation  about  the 
details  seems  unnecessary,  and  only  general  remarks  vdll  be  made 
under  each  paragraph. 

.„     ,,    ,       .     ,       if  em  50 

63.  MecnaincaL  =  —, ztt- 

item  52 

94.  This  efficiency  is  the  ratio  of  the  power  which  can  be  taken 
from  the  engine  to  the  power  shown  by  the  indicator  card.  It 
tlierefore  depends  much  upon  the  sinootli,  easy  running  of  the  en- 
gine itself. 
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«  A  "  Kun  No.  6  =  ^  =  .846 
«  B  "  Eun  No.  6  =  1^  =  .822 

6rt  and  66.  Thermal  for  B.  H.  F.  and  I.  H.  P. 

95.  In  these  cases  the  efficiency  is  based  upon  the  total  heat  put 
into  the  engine  as  shown  by  the  calorimeter  or  chemical  analysis 
of  the  fuel.  Item  64  shows  what  percentage  of  the  total  heat 
in  the  fuel  is  converted  into  useful  work  and  item  66  shows 
the  percentage  of  the  total  heat  converted  for  both  useful  and  use- 
less work. 


9  840 
3,H60 


■  B  "  Bun  No.  6: 


For  I.  H.  P.   =  -ir-—  =  .205 
16,400 


1,180 


1  440 


65  and  67. 

If  the  basis  for  computing  the  efficiency  be  that  of  the 
heat  actually  shown  to  be  suppUed  by  the  indicator,  then  the 
thermal  efficiency  is  much  higher.  This  basis  has  been  used  in 
computing  items  65  and  67. 


'  A  "  Run  No.  6: 


'B"  Run  No.  6: 


ForB.H.P.  =  |;J*;  =  .471 


For  B.H.  P.  =1^15  =  .539 
1,440 


68,  69  and  70. 

96.  In  these  colvunns  are  given  other  methods  of  estimating  the 
efficiency,  based  as  before  on  both  the  heat  supplied  and  extracted 
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as  determined  directly  from  the  gases,  and  as  determined  from 
the  indicator  diagram. 

TTI  JTI 

For  item  69,  — '       — 1 ,  the  eflBciencies  were 


•  A  "  Run  No.  6  : 
■B"  Run  No.  6: 


6.040  -  4.580 

6,040 
3,190-1,480 

2,190 


=  .242 
=  .324 


The  necessity  of  clearly  designating  the  efficiency  selected  is 
made  very  apparent  by  a  comparison  of  the  values  given  in  the  pre- 
ceding paragraph. 

STANDARD   GAS    PER    HOUR. 

97.  In  order  for  comparison  to  be  made  it  is  very  essential  that 
some  standard  be  adopted  for  estimating  the  quantity  of  gas  used. 
The  basis  of  reckoning  item  25,  which  has  previously  been 
recommended  by  a  few  writers,  seems  to  be  the  proper  one,  and 
therefore  standard  gas  is  interpreted  to  mean  gas  under  atmos- 
pheric pressure  and  at  a  temperature  of  60  degrees  Fahr. 

71.  J^ueljxr  Indicated  Horse-power  per  Hour. 

98.  This  is  readily  obtained  by  dividing  the  values  in  column 
25  by  the  corresponding  values  in  column  52. 


'  A  "  Run  No.  6  : 


"  B  "  Run  No.  6  : 


1.51 
7.93 

87.5 
3.4 


=  19  cu   ft.  per  hr. 
=  25.7  cu.  ft.  per  br. 


72.  Fuel  and  Igniter  per  Indicated  Horse-power. 

In  case  of  flame  or  hot  tube  ignition  the  gas  used  should  be 
passed  through  a  separate  meter  and  for  the  data  in  this  column 
the  quantity  of  standard  gas  used  for  fuel  combined  with  that 
used  for  the  igniter  vrill  give  the  total  standard  gas  per  hour.  This 
quantity,  divided  by  the  indicated  horse-power,  will  give  the  de- 
sired value. 

73  and  74.  Fuel,  a7id  Fuel  and  Igniter,  per  Brake  Horse-power. 

99.  The  method  of  procedure  is  the  same  as  in  71  and  72,  save 
that  the  brake  horse-power  is  now  used  instead  of  the  indicated 
horse-power, 
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FUEL   PER   B.  II.  P. 


I'll 

'  A  "  Run  No.  6  :   ji^,  =  23.5  cu.  ft. 


75.   Cvst  ].)€>'  Indicated  Hvi'se-jjower per  Hour,  Cents. 

100.  The  value  $1.00  per  thousand  cubic  feet  of  standard  gas  is 
taken  as  a  basis  for  determining  the  comparative  cost  of  diilerent 
engines.  A  similar  deduction  would  be  made  for  other  fuels,  based 
on  an  average  cost  of  that  fuel.  In  case  the  gas  used  for  the 
igniter  is  reckoned  in  this  cost,  then  when  electric  ignition  is  used 
tlie  cost  of  maintaining  the  battery  should  also  be  considered,  in 
order  to  make  a  proper  comf)arison.  For  relative  cost  it  is  as  well 
to  disregard  the  igniter  and  base  the  computation  on  the  quantity 
of  fuel  alone. 

Since  the  fuel  used  in  run  No.  6  was  19  cubic  feet  for  "  A  "  and 
25.7  cubic  feet  for  "  B,"  it  is  readily  seen  that  the  cost  per  indi- 
cated horse-power  per  hour  was  1.9  cents  and  2.57  cents  re- 
spectively. 

TOTALS    AND    AVERAGES. 

101.  In  order  to  get  a  general  series  of  values  for  the  engine 
in  question  it  is  often  well  to  average  the  results  obtained  under 
the  same  conditions.  For  this  pui'pose  space  has  been  reserved 
on  the  report  blank  for  the  necessary  totals  and  averages. 

HEAT   BALANCE. 

102.  By  means  of  the  heat  balance  a  general  idea  is  formed  of 
the  distribution  and  uses  of  the  heat.  As  is  apparent,  the  first 
result  is  the  average  of  the  results  in  item  53;  the  second  of  those 
in  item  12;  the  third  of  those  in  item  58.  To  the  last  result  is 
charged  all  the  heat  otherwise  imaccounted  for.  The  average  of 
the  British  thermal  units  obtained  from  the  gas  as  determined 
from  item  55  is  used  as  the  basis  in  determining  the  percentages. 

DISCUSSION. 

Prof.  C.  H.  Roheiisoi). — I  have  b<>en  very  much  interested  in 
the  paper  presented  by  Mr.  Fernald,  and  have  found  it  quite  sug- 
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gestive  in  several  iiarticulars.  I  desire  to  submit  the  following 
questions  and  suggestions: 

What  are  the  reasons  for  arranging  the  running  logs  so  that 
the  different  figures  of  any  item  are  in  horizontal  lines?  The 
writer  has  always  kept  the  same  in  vertical  lines  and  has  found  it 
very  convenient  and  satisfactory,  and  would  raise  some  question 
as  to  whether  the  horizontal  arrangement  is  an  improvement. 

If  I  understand  the  meaning  of  the  author,  in  paragraph  13  on 
"  Time  Intervals,"  to  be  that  there  is  an  error  from  too  frequent 
observations,  I  should  like  to  ask  in  what  way  this  error  occurs. 
It  is  implied  that  two  or  three  hours  is  not  a  long  time  for  tests, 
and  in  some  cases  it  may  be  necessary  to  run  several  hours.  It 
seems  to  me  that,  generally  speaking,  it  is  not  necessary  to  run 
any  such  length  of  time,  provided  that  the  test  does  not  involve  a 
gas  producer,  or  unless  there  is  very  great  fluctuation  in  the  heat- 
ing value  of  the  gas  used. 

In  paper  No.  895,  Transactions,  vol.  xxii.,  page  620,  may  be 
seen  the  result  of  cutting  up  a  long  test  into  a  number  of  short 
periods,  making  a  series  of  tests  of  ten  minutes' duration.  The  regu- 
larity and  consistency  of  the  curves  shown  in  the  paper  is  sufficient 
justification,  it  seems  to  me,  for  the  statement  that  these  tests  of 
ten  minutes'  length  were  sufficient.  During  the  last  five  years  I 
have  directed  the  course  of  himdreds  of  tests  of  ten  and  fifteen 
minutes'  length,  and  the  regularity  and  consistency  of  the  curves 
plotted  from  the  data  gives  satisfactory  evidence  that  this  length 
of  time  is  siifficient. 

It  is  not  suggested  that  ten  minutes  is  always  long  enough,  but 
it  is  suggested  that  most  gas-engine  tests,  not  involving  a  gas  pro- 
ducer, are  longer  than  they  need  to  be.  This  may  not  seem  an 
important  question  at  first  sight,  but  when  one  is  attempting  to 
get  the  effect  of  several  of  the  factors  on  the  performance  of  a 
gas  engine,  and  is  carrying  on  an  investigation  that  consists  of 
300  or  400  tests,  the  time  factor  becomes  an  element  of  consider- 
able importance. 

In  paragraph  16,  on  the  "  Determination  of  Total  Explosions," 
I  wish  to  suggest  that  it  is  often  desirable  to  have  a  counter  for 
registering  tlie  number  of  explosions  operated  by  the  force  of  tht, 
exhaust.  Such  an  apparatus  is  easily  arranged,  and  we  have  used 
one  for  several  years  in  our  gas-engine  work  at  Purdue  University. 
Another  counter  attached  to  tlie  gas-inlet  valve  arm  serves  to  show 
the  number  of  inlets,  and  the  comparison  of  the  readings  of  these 
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counters  at  once  gives  clear  evidence  as  to  whether  the  igniter  is 
working  properly.  It  ma>'  be  said  also  that  under  some  conditions 
of  testing  there  will  be  charges  that  are  missed  even  when  the 
igniter  is  in  proper  working  condition. 

In  connection  with  paragraph  18,  concerning  the  ratio  of  revo- 
lutions to  explosions,  it  is  suggested  that  it  may  also  be  well  to 
note  the  sequence  of  the  explosion.  In  a  number  of  hit-and-miss 
governors  the  explosions  usually  will  come  two,  three,  or  four  in 
succession,  and  then  there  will  be  a  number  of  blank  charges. 
This  remark  applies  particularly  to  hit-and-miss  governors  running 
on  the  Otto  cycle,  and  has  a  bearing  upon  the  method  of  calculat- 
ing the  ratio  of  gas  to  air,  because  the  first  explosion  of  the  series 
is  one  in  which  the  exhaust  space  has  been  cleared  of  burnt  gases 
and  is  usually  filled  with  air,  thiis  making  these  first  explosions 
of  a  different  mixture  from  those  which  follow  in  immediate  suc- 
cession. 

It  is  thus  seen  that  the  ratio  of  the  scavengered  and  nou-scav- 
engered  is  a  factor  to  be  noted  for  determining  the  proportion  of 
gas  to  air  even  after  they  have  both  been  measured  by  accurate 
meters. 

It  is  suggested  that  a  satisfactory  method  to  determine  the  ac- 
curacy of  indicator  rigging  is  to  get  the  engine  up  to  the  speed, 
then  close  the  gas  valve  and  hold  the  indicator  pencil  against  the 
dr\mi  for  several  revolutions;  the  pencil  will,  of  course,  travel  up 
and  down  the  compression  curve,  and  if  the  indicator  rigging  is 
accurate  the  up  and  down  stroke  of  the  pencil  will  coincide.  Any 
inaccuracy  as  far  as  angular  adjustment  is  concerned  will  be  made 
apparent  by  a  loop  instead  of  a  single  line. 

In  paragraph  19  is  to  be  found  the  statement  of  standard  tem- 
perature to  which  the  gas  consumption  is  referred.  This  tem- 
perature is  designated  as  60  degrees.  I  should  like  to  ask  if  the 
author  has  made  any  comparison  of  the  extent  to  which  62  de- 
grees is  used,  especially  in  American  practice  as  compared  with 
fiO  degrees.  The  writer  has  preferred  62  degrees  for  various  rea- 
sons, among  which  may  be  cited  the  fact  that  Professor  Rowland 
after  some  consideration  selected  this  temperature  for  conducting 
liis  experiments  on  the  Specific  Heat  of  Water.  This  temperature 
is  recommended  by  Professor  Peabody  in  his  "  Thermodynamics," 
and  it  has  also  been  endorsed  by  Professor  Thurston,  Transac- 
tions, vol.  xxi.,  page  427. 

Pi-of.  D.  S.  Jacobus. — I  notice  that  a  method  is  given  for  com- 
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puting  the  temperatures  of  the  mixture  of  air  aud  gas  in  the  cyl- 
inder. Is  this  method  any  different  from  that  recomnieuded  in 
the  Rejiort  of  the  Committee  on  Engine  Tests,  and,  if  different, 
how  great  a  discrepancy  will  there  he  in  the  numerical  results 
which  are  obtained  liy  the  two  methods? 

Prof.  R.  II.  Feinald.* — The  vertical  arrangement  of  the  figures 
in  the  logs  and  reports  was  the  one  used  by  the  writer  of  the 
paper,  but,  owing  to  the  expense  of  printing,  the  Publication  Com- 
mittee of  the  Society  requested  the  change  to  the  horizontal  form. 

In  practice  I  should  use  the  vertical  arrangement. 

The  fluctuations  of  the  average  gas  engine  are  such  that  care 
should  be  exercised  to  obtain  a  series  of  readings  which  Avill  give 
good  average  results.  If  the  total  time  of  the  test  is  too  brief, 
the  results  are  apt  to  be  misleading,  owing  to  the  recording  of 
extreme  values,  which  may  exist  for  a  few  minutes  only. 

For  the  "  simple  "  test  of  a  gas  engine,  I  regard  an  hour  as  suf- 
ficient time  for  securing  average  results.  In  some  cases  one-half 
hour  might  do,  but  I  prefer  the  longer  period,  and  should  feel 
doubtful  about  results  when  secured  from  runs  of  not  over  ten 
minutes'  total  duration. 

For  most  readings  frequent  observations  are  of  value,  but  for 
temperatures,  especially  for  those  of  the  exhaust  gases  when  the 
receiver  method  is  used,  a  certain  period  is  necessary  between 
readings  to  enable  the  conditions  to  become  normal. 

Answering  Professor  Jacobus'  question,  the  two  methods  are 
essentially  the  same  after  the  necessary  data  have  been  secured. 

The  difficult  point  in  the  determination  is  to  find  the  tempera- 
ture of  the  exhaust  gases  which  is  necessary  for  the  solution  of 
the  problem. 

In  the  Peport  of  the  Committee  on  Engine  Tests  no  method  is 
indicated  for  finding  this  exhaust-gas  temperature,  and,  as  the 
computation  of  the  temperature  of  the  mixture  hinges  upon  this 
factor,  the  formula  civen  seems  of  little  value  unless  accompanied 
by  a  method  of  making  the  desired  determination  of  the  exhaust 
temperature. 

*  Author's  closure,  under  the  Rules. 
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Xo.  951.* 

ELECTRICITY   IN    COTTON   UILLS.\ 

BT  W.   B.   SMITH  WHALET,   BOSTON. 

(Member  of  tlie  Society.) 

1.  In  December,  1897,  I  presented  (vol.  xix.,  p.  4G7)  a  paper 
before  this  Society,  entitled  "  Electricity  in  Cotton  Mills."  Con- 
siderable interest  was  manifested  in  this  paper,  and  a  reasonably 
fair  discussion,  bringing  out  its  principal  points,  resulted.  Much 
question  was  raised  on  the  efficiency  problem  of  the  paper,  and 
the  consensus  of  the  criticisms  was  a  question  as  to  whether  it  was 
economical  so  to  install  a  cotton  mill.  The  question  of  economy 
was  raised  by  the  author  in  the  paper  previously  alluded  to,  and 
expressed  in  the  following  words :  "  The  question  which  arises  as 
to  whether  a  generator  directly  connected  to  an  economical  type 
of  engine  to  produce  the  power  would  consume  the  difference  in 
the  frictional  horse-power,  is  one  which  can  only  be  answered  from 
institutions  having  such  plants.  It  is  the  author's  opinion  that 
this  difference  of  power  would  not  be  exceeded." 

2.  The  question  as  to  whether  the  electrical  transmission  was  in 
itself  economical  on  any  type  of  prime  mover  is  here  raised.  Fol- 
lowing out  the  line  indicated  in  the  above  paper,  I  have  had  the 
good  fortune  recently  to  install  several  cotton  mills  generating  their 
power  electrically  by  means  of  steam  engines,  and  as  nearly  as 
possible  to  compare  the  results  of  this  power  from  an  economy 

*  Prespiited  at  the  Boston  meeting'  (May,  1903)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXIII.  of  the  Transactions. 

t  For  further  reference  on  the  same  topie,  consult  Transactions  as  follows  : 
Vol.  XIX.,  p.  467:  "Electricity  in  Cotton  Mills."     W.  B.  Smith  Whaley. 
Vol.  VI.,  p.  461  :  "  The  Power  Required  to  Overcome  the  Frictional  Resistance 

of  Engine  and  Shafting  in  Mills."     .Tohn  T.  Henthorn. 
Vol.  XVIII.,   p.  861:    "Electricity  vs.  Shafting  in  the  Machine  Shop."    C.  H. 

Benjamin. 
Vol.  XXI.,  p.  912:    "Electrical  Transmission  in   Factories  and  Mills."     W.  S. 

Aldrich. 
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Standpoint  with  those  ah'eady  quoted,  and  with  other  data  which 
have  been  previously  obtained  on  this  very  important  subject. 

3.  The  two  mills  alhided  to  in  the  paper  of  185)7  were  tirst 
the  Kichland  Cotton  ilills,  driven  in  the  usual  way  with  rope 
transmission  and  belts ;  and  second,  the  Granby,  a  mill  driven  elec- 
trically, purchasing  its  current  from  an  outside  source  and  measur- 
ing it  on  the  switchboard  at  the  mill.  In  the  first  one,  the  Rich- 
land, we  have  a  ease  of  indicator  cards  on  the  cylinder,  measuring 
the  power  direct  and  the  deductions  obtained  from  such  tests, 
which  gave  for  that  mill  26  per  cent,  for  all  lost  energy  other  than 
that  producing  work ;  this  we  termed  the  friction  loss  of  the  mill. 
In  the  case  of  the  Granby,  the  power  was  measured  from  the 
switchboard,  and,  comparing  with  the  figures  of  the  values  de- 
duced from  the  different  machines,  gave  for  the  Granby  mill  a  loss 
of  17  per  cent,  from  the  switchboard  to  the  work  produced;  what  it 
took  to  produce  that  power,  or  what  it  would  take  to  jjroduce  that 
power  before  the  board  was  reached,  was  an  unknown  quantity, 
and  one  which  could  only  be  surmised,  but  which  is  distinctly 
reached  in  the  latter  part  of  this  paper. 

4.  The  Olympia  Cotton  Mills,  constructed  since  that  time  in  Co- 
lumbia, S.  C,  where  the  other  two  mills  are  located,  supplied  the 
necessary  information  as  to  the  balance  of  the  power,  and  these 
are  the  figures,  in  comparison  with  those  previously  given,  which 
I  desire  to  present. 

The  Olympia  Cotton  Mills  is  somewhat  larger  than  the  others; 
it  derives  its  power  from  Mcintosh  &  Seymour  vertical  engines, 
generating  electricity  from  direct-connected  generators  and  sup- 
plying the  mill  in  all  of  its  departments,  which  are  subdivided 
on  the  same  general  plan  as  the  Granby  Cotton  Mills.  Here  we 
have  the  missing  link;  namely,  the  power  from  the  generating 
source  to  the  board,  the  point  from  which  the  Granby  power  was 
measured.      Their  relative  measurements  would  be  as  follows: 

Richland,  indicator  cards  to  work  prodiiced. 

Granby,  s^^^tchboard  to  work  produced. 

Olympia,  indicator  cards  to  switchboard,  to  work  produced. 

The  difference  between  the  Richland's  26  per  cent,  and  the 
Granby's  17  per  cent,  is  9  points;  how  many  of  these  would  be 
absorbed  from  the  switchboard  to  the  indicator  cards  is  the  ques- 
tion with  which  we  are  dealing,  as  ^■'•o^^  as  the  general  friction 
results. 

5.  The  Olympia  Cotton  Mills  is  peculiarly  well  arranged  for 
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making  these  tests;  the  board  has  indicating  wattmeters  from  the 
generators,  and  indicating  wattmeters  to  each  one  of  the  motors  in 
the  mill;  therefore,  at  all  times  the  power  consumed  by  any  motor 
is  easily  distinguished  and  the  subdivision  measured  more  min- 
utely than  it  could  possibly  be  under  less  advantageous  conditions. 
The  results  of  the  investigations  up  to  date,  shown  in  the  following 
tables,  will,  I  am  sure,  be  interesting.  Opinions  expressed  here 
are  formed  from  observations  and  from  the  tables  ajjpended  to  this 
article,  which  give  very  fairly  and  fully  the  general  results,  each 
one  will  be  able  to  form  oiiinions  of  his  own  on  this  very  unportant 
subject. 

6.  It  should  be  borne  in  mind  that  the  nature  of  the  service — 
namely,  the  alternating  current  with  induction  motors — is  quite 
different  in  its  action  from  the  direct  current  or  similar  conditions 
in  a  belt  or  rope-driven  mill.  The  effect  of  acceleration  is  reduced 
practically  to  zero  in  this  type  of  electric  mill;  there  is  a  fixed 
ratio  in  the  speed  of  the  generators  and  motors  which  will  not 
permit  one  part  to  accelerate  in  revolutions  or  retard  over  another ; 
in  electrical  terms,  this  is  caused  by  the  fact  that  ^vithin  the  range 
of  the  torque  of  the  machines,  the  step  of  the  machines  in  phase 
with  the  system  will  not  permit  of  any  increase  in  speed  without 
stopping  any 'machines  which  get  out  of  phase.  The  generators 
nmning  in  parallel  are  always  in  step  and  cannot  change;  conse- 
quently it  is  impossible  to  speed  up  or  down  one  part  of  the  plant 
over  another  due  to  variation  of  the  work. 

7.  The  motors  all  run  at  the  relative  speeds  compared  to  the 
generator  for  which  they  were  designed,  and  any  tendency  to  ac- 
celeration is  checked  and  results  in  a  diminution  of  the  torque  or 
displacement  angle  due  to  the  fly-wheel  effect  of  the  armatures; 
within  this  range  the  entire  tendency  to  vary  the  speed  is  ab- 
sorbed. They  are  General  Electric  motors,  Type  I.,  8  poles,  150 
horse-power,  600  revolutions  per  minute  at  no  load,  and  588  revo- 
lutions per  minute  at  full  load,  nmning  at  550  volts.  A  few 
are  of  less  power  but  the  same  type.  The  accumulated  energy 
causes  an  apparent  reflex  action  of  current,  and  the  only  effect 
which  occurs  is  a  reduction  of  the  power  absorbed  by  the  system, 
which  instantaneously  adjusts  itself  between  the  motors  and  the 
generators,  and  reduces,  as  shown  in  the  horse-power  tables  taken 
from  the  engines,  the  amount  of  power  consumed  in  the  cylinders, 
the  speed  at  all  times  being  practically  constant.  Under  these 
conditions  an  absolutely  steady  speed  is  maintained,  and  the  entire 
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tendency  to  acceleration  or  retardation  is  absorbed  in  the  machines 
themselves,  insuring  an  absolutely  uniform  application  of  power  at 
all  times  throughout  the  plant. 

8.  In  order  to  represent  graphically  the  conditions  which  appar- 
ently exist  in  these  plants,  I  show  herewith  Fig.  320,  which  illus- 
trates the  conditions  existing  from  time  to  time  in  the  system. 
Assuming  that  the  circles  represent  100  per  cent.,  then  the  losses 
due  to  friction,  by  which  we  will  designate  all  energy  other  than 
that  producing  work,  are  shown  by  the  angles  x  and  y.  x  is  all 
the  friction  and  electrical  losses  from  the  switchboard  to  the  work 
produced,  and  y  from  the  indicator  cards  to  the  switchboard.  In 
the  tests  the  following  course  was  pursued :  The  horse-power  ab- 
sorbed in  running  the  engine  and  generator  at  speed  without  any 
current  was  measured,  the  two  engines  in  use  being  indicated 
simultaneously  at  all  times  in  order  to  annihilate  any  difference 
due  to  one  engine  leading  the  other  in  phase.  The  value  of  the 
total  power  of  the  light  engine  and  generator  without  current  is 
maximum  y,  and  minimum  y  is  shown  on  the  tables  of  the  horse- 
power and  electrical  output  of  the  generator,  y  apparently  vi- 
brates from  plus  to  minus.  (In  asserting  y  to  be  minus,  it  is  not 
the  intention  to  imply  that  there  is  no  friction,  but  the  system  may 
return,  by  the  inertia  of  the  shafting  and  machinery,  energy,  to  the 
generators  from  the  switchboard  when  the  generators  tend  to  slow 
down.  This  is  shown  on  the  diagram  in  Nos.  4  and  5  by  the  fact 
that  a  part  or  all  of  y  is  subtracted  from  x,  thus  reducing  the 
shaded  portion.  The  apparent  loss  of  energy  between  the  indi- 
cator card  and  the  point  of  application  of  the  power  is  shown  by 
that  part  of  the  diagram  to  the  left  of  the  vertical  line.)  The 
absorption  of  power  as  previously  indicated  can  be  readily  fol- 
lowed from  the  six  circles  illustrating  the  different  values  of  y  and 
corresponding  reduction  or  absorption  of  momentum  energy  in  the 
system.  It  is  possible  under  conditions  of  extreme  lightening  of 
the  load  to  reduce  the  actual  impulse  of  power  to  the  generator 
for  the  short  period  of  an  absorption  by  the  entire  value  of  x  and 
y.  This,  however,  has  never  been  the  case  in  any  observations 
taken. 

9.  In  the  talde  marked  March  14  and  March  19,  the  engines 
were  run  in  parallel,  with  no  other  soui-ce  of  power.  In  the  cards  of 
March  15,  March  17,  and  March  20  the  engines  were  run  in  paral- 
lel with  the  water  power,  and  show  a  very  heavy  apparent  lead. 
On  the  I7th  there  was  slight  lead  on  the  engines  which  is  indicated 
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somewhat  in  the  tables.  The  range  of  friction,  as  exhibited  in 
values  of  y  from  these  tables  is  from  +  2.91  per  cent,  to  —  2.78 
per  cent.;  the  average  value  of  y  seems  to  be  very  smnll  (about 
.012  per  cent.),  or,  in  other  words,  the  reflex  action  due  to  the  ten- 
dency to  accelerate  which  is  checked  by  the  step  of  the  system, 
reduces  the  total  friction  by  these  amounts,  and  from  the  maxi- 
mum in  Xo.  1,  of  Fig.  320,  to  the  possible  minimum  in  Xo.  6,  there 
is  a  diminution  which  illustrates  the  absorption  of  this  internal  en- 
ergy in  the  system. 

10.  In  Fig.  321  I  endeavor  to  i-epresent  the  conditions  actu- 
ally existing  in  the  Olympia  Cotton  Mills  at  the  time  these  tests 
were  made.  The  individual  tests  were  made,  as  far  as  possible,  to 
cover  the  conditions  of  the  motors  in  the  mill,  y  on  the  generator 
circle  marked  xi  is  taken  at  a  maximum  as  shown  in  the  tables  of 
the  horse-power  differences,  namely,  +2.91  per  cent.,  and  x  is 
taken  at  its  full  value  for  mill  losses.  In  the  generator  circle 
marked  B,  y  becomes  negative,  and  is  taken  at  the  lowest  figure 
recorded  in  the  indicated  horse-power  tables  Avhich  are  shown  on 
set  5,  March  20,  and  y  is  taken  at  —  2.78  per  cent.,  showing  the 
maximum  and  minimum  values  respectively  as  deduced  from  the 
tables. 

11.  The  average  of  all  of  these  60  tests  gives  an  average  for  y,ov 
assuming  that  the  reduction  of  the  engine  and  generator  losses 
measures  the  reduction  of  total  friction,  the  average  for  all  of  the 
cards  will  give  us  for  this  value  oi  y  V  .012  per  cent,  as  the  value 
of  generator  losses,  assuming  that  x  is  not  diminished.  As  a  fact 
the  engine  and  generator  losses  remain  practically  constant  and 
the  diminution  in  the  total  friction  is  merely  a  reduction  of  the 
mill  friction  due  to  the  generator  action  in  the  motors  in  the  ap- 
parent acceleration  effect,  pumjnng  back  current  into  the  lines 
and  reducing  the  power  taken  to  operate  the  system  by  this 
amount;  as  it  is  almost  impracticable  to  measure  this  reduction 
in  the  mill,  the  only  point  where  we  can  possibly  detect  it  is  in  the 
indicator  diagrams,  the  results  from  which  are  given  in  the  tables. 
The  percentages  are  given  in  detail,  the  diagrams  representing  the 
different  motors. 

12.  As  may  be  seen  in  general  outline,  the  generator  is  con- 
nected with  the  instantaneous  reading  wattmeter  TT,  and  the  motors 
from  the  switchboard  to  the  instantaneous  reading  wattmeters,  i,  i. 
From  this  data  it  appears  that  the  friction  losses  in  this  class  of 
work  are  far  less  than  in  anv  of  the  other  methods  of  driving  cotton 
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DC'  Mill  Losses  =  14.2?^ 
a/-ENe.SGeN  ■•    =  £.9i% 

f-X<iW'l4.22»e.9l--|7/3/; 


v.    87.3%/ 


"^^"' 


Motors 

P  PICKER  HOUSE 
150  HP.  600  RPM 

W  WCAVE  ROOM 


©gV  szajy    I50H.R600RPM 

87.9 /o 


3  SPINNING  ROOM 
150  H.P600RPM 


C  CARDING  ROOM 
150  H.R  600RPM 


Cl.  CLOTH  f=iOOM 
30H.P800RPM 


O  OPENER  ROOM 
30H.R800RPM 


MACH  SHOP 
SCO  RPM^ 


C  V  86% 


Sl- SLASHER  ROOM 

30  H.eeooRpni 


•-©- 


Sfe/^o 


Fig.  321 
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mills,  with  an  apparent  efficiency  which  is  indicated  by  every 
figure  obtained  from  the  Olynij^ia  plant  at  present  as  over  82  per 
cent.  net.  With  the  average  diminution  of  the  total  friction,  the 
average  friction  on  the  plant  apparently  will  not  exceed  15  per 
cent,  for  all  purposes.  I  have  not  endeavored  to  minimize  this, 
however,  in  the  diagrams,  and  a  comparison  of  losses  can  now  be 
dra-wn  between  the  mills  alluded  to  in  the  paper  of  1897  and  the 
present  mill  under  discussion,  as  follows  : 

Richland,  from  indicator  card,  26  per  cent. 

Granbv,  from  the  switchboard  only,  17  per  cent. 

Olympia,  from  the  indicator  card,  lirf^  per  cent. 

13.  I  append  here  also  tables  showing  power  taken  by  thc' 
machines  driven  by  tlie  motors  and  percentages  of  thc  friction 
obtained. 

It  is  to  be  hoped  that  this  paperwill  lead  to  more  investigation  on 
this  most  important  subject  and  be  criticised  very  freely,  in  order 
to  bring  out  the  points  and  views  of  those  desiring  to  obtain  infor- 
mation on  these  lines,  that  we  may  attempt  to  present  to  this  So- 
ciety, through  its  members,  sufficient  data  on  this  very  important 
subject  to  unquestionably  settle  the  value  of  the  different  method." 
of  dri^ang  these  mills. 
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First  Set.     March  14,  1903 
Time.  K.  W. 


Unit  No.  3. — Without  Water  Power. 

Amp.  Volts.    APP"^"'        P.  F. 


A.M.  10.13 

10.18 
10.28 
10.41 
10.53 
10.57 

1,030 
1,045 
1,040 
1,040 
1,020 
1,040 

1,367 
1,401 
1,394 
1,394 
1,367 
1,394 

1.387  20 
1,419    18 
1,403      8 
1,399      5 
1,353  ... 

1.388  ... 

14 
6 

1,150 
1,155 
1,150 
1,155 
1.150 
1,165 

590 
590 
590 

585 
580 
585 

1,174 
1,179 
1,174 
1,159 
1,154 
1,179 

.877 
.881) 
.8'j8 
.897 
.883 
.882 

Totals 

..6,205 

8,317 

8,-548    51 

20 

6,925 

3,520 

7,019 

5.323 

Averages. . . 

.1,034 

1,386 
Marce 

1,424  ... 
14,  1903. 

Uni 

1,154 
T  No.  1. 

586 

1,169 

.887 

A.M.   10.12 
10.18 
10.-.'8 
10.41 
10  53 
10.57 

995 

1,035 
1,010 
1,010 
975 
1,030 

1,334 
1,374 
1,354 
1,354 
1,807 
1,367 

1,334      0 
1,349     .. 
1,331     . . 
1,334     . . 
1.3i0    23 
1,334     .. 

0 
25 
23 
20 

33 

1.095 
1,100 
1,075 
1,080 
1,075 
1,100 

590 
590 
590 

585 
580 
585 

1,118 
1,133 
1.107 
1,083 
1,080 
1,113 

.890 
.913 
.913 
.933 
.901 
.916 

Totals 

.6,135 

8,090 

8,013    23 

101 

6,525 

3,820 

6,626 

5.463 

Averages 

.1,032 

1,346 

1,335  12.5 
y  =  iin  per 

cent. 

1.087 

636 

1,104 

.910 

Second  Set.     March  15,  1902.     Unit  No.  3 — With  Water  Power. 


A.M.     9.20 

880 

1,179 

1,280 

101 

1,050 

580 

1,053 

.836 

lO.OO 

840 

1,126 

1,032 

0 

104 

950 

585 

961 

874 

10.10 

700 

9.38 

1 ,001 

63 

1,025 

580 

1,038 

.682 

10.20 

730 

965 

986 

21 

980 

590 

989 

.728 

10.30 

775 

1,039 

1,0.52 

13 

975 

590 

995 

.783 

10.40 

700 

938 

942 

4 

925 

595 

952 

.735 

Totals 

.4,615 

■6.185 

6,383  214 

104 

5,905 

3,520 

5,978 

4.638 

Averages . . . . 

..     769 

1,031 

1,047 

984 

586 

996 

.773 

March  15,  1902. 

Unh 

No.  3. 

A.M.    9.20 

875 

1,172 

1,258 

86 

1,000 

580 

1,003 

.873 

10.00 

840 

1,126 

1,133 

3 

950 

585 

961 

.874 

10. 10 

840 

1,126 

1,095 

31 

1.000 

580 

1,003 

.837 

10.2^1 

850 

1,139 

1.107 

32 

950 

590 

961 

,884 

10  .1 

850 

1,139 

1,167 

28 

950 

590 

961 

.884 

1(1.40 

820 

1,099 

1,093 

6 

935 

595 

952 

.861 

Totals 

.5,075 

6,811 
1,135 

6,843 
1,140.5 

114 

73 

5,775 
963 

3,520 
586 

5.841 

5.212 

Averages  . . . 

.     846 

973 

.868 

11.67  =  y  =  ^  per  cent. 
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Third  Set.     March  17,  1902.     Unit  No.  2. — With  Water  Power. 


Time. 

K.  W. 

Electric  Indicated  Dif.H.P. 
H.  P.         H.  P.    Pos.  Neg. 

Amp. 

Volt. 

Apparent 

P.  F. 

A.M.       7.23 

8.00 
9.43 
10.08 
10.40 
11.00 

1,125 
1,190 
1,125 
1,120 
1,140 
1,125 

1,642 
1,595 

\,:.m 

1,501 
1.528 
1,508 

1,783  141 
1,709  114 
1,629  121 
1,606  105 
1,690  162 
1,642  134 

1,400 
1,400 
1,350 
1,350 
1,360 
1,325 

590 
580 
570 
580 
575 
590 

1,.429 
1,405 
1,331 
1,355 
1,353 
1,352 

.857 
.847 
.845 
.827 
.842 
.831 

Totals 

.6,925 

9,282 

10,059  777 

8,185 

3,485 

8,225 

5.049 

Averages . . . 

.1,1.54 

1,547 

,1,676     .. 

1,364 

581 

1,371 

.841 

March  17,  1902. 

Unit  No.  1. 

A.M.     6.00 

8.00 
9.43 
10.08 
10.40 
11.00 

1,075 
1,100 
1,125 
1,140 
1,125 
1.170 

1,441 
1,474 
1,508 
1,528 
1,.508 
1.568 

1,485    44 
1,428     .. 
1,489     .. 
1,497     .. 
1,463     . . 
1,533     . . 

46 
19 
31 
45 
35 

1,200 
1,300 
1,325 
1,300 
1,300 
1,300 

590 
580 
570 
580 
575 
590 

1,225 
1,304 
1,341 
1,304 
1,293 
1,329 

.873 
.843 
.839 
.873 
.869 
.861 

Totals 

.6,735 

9,027 

8,895    44 

176 

7.735 

3,485 

7,796 

5.158 

Averages. . .  . 

..1,122 

1,504 

1,482     . . 

1,387 

581 

1,299 

.8.59 

4G  =  y  =  3-«„ 

per  cent. 

ELECTRICITY  IN  COTTON  MILLS. 


779 


FODKTH   SEI 

\     March  19, 

1903.    Unit  No. 

3.— WlTH( 

JDT    W 

ATER  PO 

WBR. 

Time. 

K.  W. 

Electric 
H.  P. 

Indicated  Dif.H. p. 
H.  P.    Po8.  Neg. 

Amp. 

Volts. 

Apparent 
K.W. 

P.  F. 

A.M.     9.06 

9.40 
9.48 
9.58 
10.03 
10.10 

1,250 
1,375 
1,390 
1,300 
1,390 
1,275 

1,676 
1,709 
1,739 
1,742 
1,729 
1,709 

1,649     .. 
1,621      . . 
1,687     . . 
1,711     .. 
1,676     . . 
1,646     .. 

28 
88 
58 
31 
53 
63 

1,350 
1,350 
1,425 
1,425 
1,400 
1,400 

580 
580 
575 
590 
580 
5S5 

1,354 
1,3.54 
1,417 
1,454 
1,405 
1,417 

.923 
.940 
.910 
.894 
.918 
.900 

Totals . . . 

.7,680 

10,294 

9.990     . . 

8,350 

;:,-i90 

8,401 

5.485 

Averages 

.1,280 

1,715 

1,665     .. 

1,391 

581 

1,400 

.914 

March  19,  1902.     Unit  No.  2. 

A.M.    9.06       1,060       1,421  1,405     ..     16  1,225  580  1,239  .862 

9.40       1,000       1,840  1,324     ..     16  1,125  580  1,129  .885 

9.48       1,050       1,467  1.899     ..     68  1,200  575  1,194  .879 

9.58       1,025       1,374  1,357     ..  117  1,150  590  1,174  .873 

10.08       1,050       1,467  1,505    38     ..  1,200  580  1.204  .872 

10.10       1,010       1,354  1,488  134     . .  1,150  585  1,164  .868 

Totals 6,195       8,433  8,378  172  217  7,050  3,490  7,094  5.289 

Averages 1,082      1,404  1,396     ..     ..  1,175  581  1,182  .873 

y  =  l-iVo  per  cent. 


Fifth  Set.     March  20.  1902.     Unit  No.  3. 


A.M.    9.33 
9.41 
9.46 
9.55 
10.01 
10.10 

1,825 
1,375 
1,300 
1,375 
1,275 
1,275 

1,779 
1,843 

1,743 
1.709 
1,709 
1,709 

1,748     .  . 
1,767     . . 
1,672     .. 
1,709     . . 
1,661     .. 
1,633     .. 

36 
76 

70 

48 
76 

1,500 
1,510 
1,500 
1,450 
1,4.50 
1,410 

560 
590 
550 
550 

550 
.580 

1,458 
1,541 
1,427 
1,400 

1,400 
1,415 

.903 
.892 
.911 
.910 
.910 
.901 

Totals 

. .7,825 

10.491 

10,185     .. 

8,830 

3,380 

8  636 

5  427 

Averages. . . . 

..1,304 

1,748 
March 

1,697     .. 
:  20,  1902. 

Unh 

1,470 
■  No.   1. 

563 

1,439 

.904 

A.M.     9.33 
9.41 
9  46 
9.  .55 
10.01 
10.10 

1,020 
1,060 
1,040 
1,010 
1,080 
1,190 

1.367 
1,421 
1,394 
1,8.54 

1,448 
1,595 

1,294     . . 
1,350     . . 
1,350     .. 
1,471  117 
1,413     .. 
1,486     .. 

73 

71 
44 

36 
109 

1,200 
1,225 
1,230 
1,275 
1,810 
1,310 

560 
590 
550 
550 
550 
580 

1,162 
1,250 
1,170 
1,213 
1,246 
1,314 

.878 
.848 
.880 
.832 
.866 
.905 

Totals 

.  0,400 

8,579 

8,863     . . 

7,550 

3,380 

7,3.55 

5.209 

Averages 

..1,066 

1,429 

1,394     .. 

1,258 

563 

1,226 

.868 

y  =  -  2-,'„%  per  cent. 
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DISCUSSION. 

Prof.  C.  H.  Benjamin. — I  have  been  asked  to  contribute  to  the 
discussion  on  this  paper,  presumably  because  of  niv  paper  some 
years  ago  on  "  Electricitv  in  the  Machine  Shop."  Unfortunately 
I  have  never  had  an  opportunity  to  investigate  the  conditions 
in  cotton-mills,  as  these  are  scarce  in  the  Western  Reserve. 

A  year  or  more  ago  I  directed  some  tests  which  were  made 
by  one  of  my  senior  students  in  several  machine  shops  in  Cleve- 
land, where  electrical  transmission  is  employed  wholly  or  in 
jiart. 

The  results  of  these  experiments  bear  directly  on  the  question 
of  the  etRciency  of  this  form  of  transmission  as  a  substitute  for 
shafting  and  belting,  and  this  is  ray  apology  for  mentioning  them 
at  this  time. 

I  will  call  these  shops  by  the  numbers  1,  2,  .3,  and  -i. 

In  one  of  these,  No.  1,  where  direct-current  motors  were 
used,  no  indicator  cards  were  taken,  the  power  being  determined 
by  readings  of  the  electrical  instruments.  In  the  other  three 
cases  the  horse-power  under  different  conditions  was  determined 
from  indicator  cards. 

In  shop  Jfo.  4  the  generator  was  driven  by  belt  fnim  the  main 
shaft  of  the  shop,  the  system  being  only  partial. 

In  shop  No.  3  the  average  power  consumed  by  the  crane  was 
deducted  in  getting  the  per  cent,  of  loss. 

The  examples  given  are  not  at  all  in  the  same  class  with  those 
mentioned  by  the  author  of  the  paper,  representing  much  smaller 
installations  and  a  different  kind  of  work,  but  it  is  interesting  to 
make  the  comparisons. 

The  ^lercentage  of  friction  loss  is  seen  to  be  much  greater, 
averaging  about  40  per  cent,  of  the  total  power,  or  50  per  cent, 
of  that  delivered  by  the  generator.  The  power  consumed  by  the 
engine  and  the  excitation  of  the  field  is  no  small  item,  being 
30  per  ceirt.  in  shop  No.  2,  and  1.5  per  cent,  in  shop  No.  3. 

All  of  these  losses  are  relatively  larger  because  of  the  fact 
that  the  generators  were  not  loaded  to  anywhere  near  their  full 
capacity. 

These  experiments  point  to  the  same  conclusion  as  deduced  from 
those  made  elsewhere,  that  the  use  of  electrical  transmission  with 
the  group  system  of  driving  in  machine  shops,  entails  about  the 
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same  percentage  of  friction  loss  as  that  resulting  from  ordinary 
shafting  transmission : 


Data. 
Nature  of  work 


Kind  of  current .  . 

Voltase 

No.  of  generators. 

H.P. 

No.  of  motors.  .  .  . 

H.P.         "       . . .  . 

No.  of  ■  1  achines. .  . 

No.  in  use.     Av. . 


Horse-power 

Engine  and  exciter 

Motors,    shafting    and 

belting      

Lighting   

Electric  crane 

Machines  alone 


Total 


Per  cent,  loss  due  to  mo' 
tors,  etc. 

of  total  power 

of   power   delivered   to 
motors 


Shop  No.  I.        Shop  No.  2.        Shop.  No.  .3.        Shop  No.  4. 


Heavy 

Bolts  and 

Heav}' 

Light  Mach'y 

Mach'y 

Screws 

Mach'v 

Direct 

Two  phase 

Two  phase 

Two  phase 

220 

240 

220 

240 

One 

Two 

One 

One 

134 

160 

134 

67 

Six 

Nine 

Eight 

Two 

125 

80 

125 

167 

117 

66 

68 

95 

63 

34 

25.75 

13.20 

42.6 

30.56 

24.68 

4.1 

6.13 

35  av. 

4.7 

41.8 

28.8 

17.12 

5.8 

90.5 

85.1 

90. 

14.6 

36 

45 

47 

51.5 

59 

41.5 

Prof.  Wm.  S.  Aldrich. — This  question  of  negative  frictional 
losses  is  not  entirely  new.  lu  electric  power  plants  the  phenomena 
have  been  earlier  observed  and  reported  to  this  Society.  In  the 
performance  of  street  railway  power  plants,  as  determined  on 
the  ilinneapoHs  and  St.  Paul  system,  Messrs.  Pike  and  Hugo 
reported*  a  series  of  tests  under  a  wide  range  of  load  variations. 
The  direct-current  railway  generators  were  all  driven  by  multiple- 
expansion  engines,  some  belted  directly,  others  through  counter- 
shafting,  with  or  without  friction  clutches.  Such  an  installation 
afforded  an  excellent  opportunity  for  obser\'ing  the  effects  of 
mechanical  inertia — the  so-called  fly-wheel  effect  of  the  transmis- 
sion machinery. 

lndicatf)r  cards  and  electric  readings  at  the  switclilmard  were 
taken  every  ten  minutes  for  twenty-two  hours.  .Vt  the  best 
siich  infrequent  instantaneous  readings  show  only  tlic  cduditions 
existing  at  the  time  the  electric  observations  are  made.  In  the 
]iaper  under  discussion,   instantaneous  reading  wattmeters  were 


*  "Performance  of  Street  Railway  Power  Plants."     Wm.  A.  Pike  and  T.  W. 
Hugo,  Transactions,  A.  S.  M.  E.,  vol.  xiv.,  p.  1082. 
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used  throughout,  and  the  several  sets  of  observations  include 
oulv  six  readings,  ai  random  intervals.  In  the  cotton  niill,  the 
total  load  is  only  slightly  variable.  In  the  railway  plant  it  is 
excessively  rajjid  in  its  fluctuations.  In  each  case,  the  same  criti- 
cism is  to  be  made.  Readings  are  caught  on  the  wing,  so  to  speak. 
Only  a  very  great  number  of  them,  regularly  taken,  can  furnisli 
results  upon  which  engineers  are  to  base  their  practice.  How- 
ever, by  common  agreement,  the  electrical  horse-power  at  the 
switchboard  deducted  from  the  simultaneous  indicated  horse- 
power of  the  engine,  is  called  the  frictional  loss. 

In  the  Minneapolis  test,  sometimes  the  mechanical  (engine) 
was  in  excess  of  the  electrical  (dynamo)  horse-power,  and  just  as 
often  the  reverse  was  the  case.  The  mean  values  of  all  of  the 
plus  and  minus  differences  gave  the  mechanical  as  150  horse-power 
in  excess  of  the  electrical.  This  was  taken  as  the  frictional  loss. 
At  times,  the  mechanical  was  400  horse-power  in  excess  of  the 
electrical.  Then,  again,  the  electrical  would  be  300  horse-power 
in  excess  of  the  mechanical.  Had  fewer  readings  been  taken  the 
latter  condition  might  have  been  conceived  as  a  feature  of  such  a 
generating  plant,  though  it  was  of  the  direct-current  type. 

Messrs.  Pike  and  Hugo  showed  that  Avhen  the  electric  railway 
system  was  lightly  loaded,  the  difference  between  the  mechani- 
cal powers  was  often  minus.  Therefore,  the  dynamo  was  deliver- 
ing more  power  than  the  engine  received  from  the  steam.  Fre- 
(juently,  all  the  losses,  included  in  the  average  frictional  150 
horse-power,  would  be  completely  nullified;  while,  from  some 
source,  the  dynamo  received  energy  to  supply  the  traction  line 
with  current.  This  is  just  a  little  better  performance  than  that 
approached  in  the  Olympia  Mills,  where,  in  the  paper  under  dis- 
cussion, it  is  attributed  to  the  absorption  of  the  internal  mo- 
mentum energy  reducing  the  actual  impulse  of  the  power  to  the 
generator  by  the  entire  value  of  the  total  losses,  x  and  y.  "  In 
otiier  words^  the  reflex  action  due  to  the  tendency  to  accelerate 
which  is  checked  by  the  step  of  the  system,  reduces  the  total 
friction  by  these  aniounts."  That  is  exactly  what  it  does.  But 
for  how  long  a  time  does  it  keep  doing  this?  Is  the  total  fric- 
tion thus  permanently  reduced? 

Now,  it  is  inconceivable  that  any  1,300  kilowatt  generating 
unit,  can  have,  permanently,  the  friction  loss,  the  loss  from  the 
indicated  horse-power  input  to  the  dynamo  output,  reduced  to  so 
low  a  value  as  2.910  per  cent.,  which  is  given  in  this  paper,  for  the 
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generator  A.  The  generator  B  is  taken  with  permanent  fric- 
tional  loss  of  minus  2.78  per  cent.;  in  other  words,  this  generating 
unit,  while  supplying  power  to  the  system  is  still  somewhat  of  a 
drag  on  the  service,  due  to  reflex  action  and  pumping  back  of 
line  current  from  the  indiiction  motor  service.  Such  external 
aid  to  the  generating  imit  i?,  by  whatever  route  it  may  have 
travelled,  could  only  have  come  originally  from  the  generator  ^l. 
Xotwithstanding  that  the  average  of  60  tests  has  been  taken 
under  as  many  different  conditions,  we  cannot  but  think  that 
recording  wattmeters  with  one-minute  indicator  cards,  for  a  num- 
ber of  days,  woiild  have  shown  quite  diiferent  results. 

Assiuue  average,  conservative  values  for  any  direct-current 
service  of  this  type:  mechanical  efficiency  of  engine,  92  per  cent.; 
commercial  efficiency  of  dynamo,  93  per  cent.;  transmission  line 
loss  (as  in  the  paper),  \\  per  cent.;  electric  motor  efficiency,  90 
per  cent.  Perhaps  this  can  be  increased  a  little.  Perhaps  it  can 
be  brought  up  to  SO  per  cent.,  which,  it  must  be  remembered, 
is  now  reckoned  from  the  indicated  horse-power  input  to  motor 
output.  How  can  the  alternating  current  still  further  enhance 
this  high  value  and  bring  it  up  to  82  per  cent.,  as  noted  in  the 
paper?  or,  since,  "  Avith  the  average  diminution  of  the  total  fric- 
tion, the  average  friction  on  the  plant  will  not  exceed  15  per 
cent,  for  all  purposes,"  we  may  expect  the  alternating  current 
to  have  an  aggregate  efficiency  from  engine  indicated  horse-power 
input  to  motor  output,  of  85  per  cent. 

The  effect  of  mechanical  inertia,  or  of  the  fly-wheel  aqtion  of 
the  transmission  and  other  machinery  in  all  generating  plants,  is 
only  too  well  known.  Messrs.  Pike  and  Hugo,  in  discussing  their 
tests,  attributed  the  plus  and  minus  differences  or  losses,  to  bad 
engine  regulation.  We  believed  and  then  stated  that  it  was  due 
almost  entirely  to  the  fly-wheel  action  of  the  plant  machinery. 
We  investigated  our  earlier  tests,  of  1891,  and  found  that  similar 
results  could  be  explained  in  like  manner,  in  the  case  of  an  electric 
railway  plant  driven  by  turbines,  at  Reading,  Pa.,  as  reported  to 
this  Society.*  Here  were  two  vertical  250  horse-power  turbines, 
geared  to  a  horizontal  jack  shaft;  this  was  belted  back  to  the 
countershaft,  and  thence  belted  to  the  direct-current  generator. 
The  north  turbine  was  controlled  by  an  electric-contact  governor. 
The  south  turbine  was  operated  at  a  constant  gate  opening,  fixed 

*  "  Power  Losses  in  the  Transmission  of  Machinery  of  Central  Stations." 
Wm.  S.  Aldrich,  Transactions,  A.  S.  M.  E.,  vol.  xv.,  page  705. 
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by  the  operating  engineer  according  to  his  judgment  and  ex- 
perience in  handling  this  plant  for  the  usual  or  normal  loads. 
These  conditions  were  ideal  to  observe  two  things: 

First. — The  plus  and  minus  values  of  the  so-called  frictional 
losses,  from  turbine  shaft  to  dynamo  output.  At  times  the  power 
delivered  by  the  turbines  and  generators  would  be  equal.  At 
other  times  the  differences  reached  as  high  as  100  horse-power 
in  excess  of  that  lost  in  the  transmission  machinery  and  generators. 

Second. — The  so-called  pumping  or  interchange  of  power, 
between  prime  movers,  so  connected  that  one  is  the  controller  of 
the  system.  The  south  turbine,  imder  its  iixed  gate,  was  some- 
times prime  mover,  doing  its  share  of  the  work;  at  other  times, 
it  acted  as  a  decided  brake  on  the  system,  absorbing  power,  similar 
to  generating  unit  B,  of  the  paper  under  discussion. 

These  two  features,  noted  in  the  paper,  are  evidently  not  the 
peculiarity  of  any  one  system.  They  are  seen  in  generating  plants 
driven  by  steam  engines  or  waterwhecls;  in  direct  as  well  as  in 
alternating  systems.  How  much  is  due  to  bad  regulation  of  the 
prime  mover;  how  much  to  fly-wheel  effect,  and  in  the  alternating- 
current  system,  how  much  to  the  action  of  the  induction  motor 
as  a  generator,  when  from  any  cause  it  is  allowed  to  run  at  a 
speed  above  that  at  which  it  is  synchronized  with  the  generator? 
Of  course,  the  induction  motor  never  attains  this  ideal  synchronous 
speed  in  mill  practice;  for  beyond  it  conditions  such  as  shown  in 
diagram  Xo.  6,  Fig.  320,  would  become  realizable.  Even  with  no 
load  at  all  there  is  a  certain  slipping  of  the  speed  of  the  motor 
behind  its  ideal  synchronous  speed.  The  motors  noted  in  the 
paper  drop  12  revolutions  from  no  load  to  full  load.  Now,  all  of 
this  slip  must  be  made  ixp,  and  the  motor  speeded  above  that  of 
synchronism,  before  it  ^\^ll  act  as  a  generator.  This  it  does  in 
electric  elevator  ser\'iee,  going  down,  and  so  may  there  attain  the 
conditions  of  relieving  the  generating  unit  of  almost  all  of  its 
frictional  load,  for  a  short  while  realizing  the  conditions  of  dia- 
gram No.  6,  referred  to.  It  may  even  do  more  than  this  in  eleva- 
tor service,  and  throw  current  on  to  the  buss  bars  for  the  next 
elevator  to  iise  in  going  up.  But  the  transmission  machinery  of 
any  mill  may  approach  these  conditions  for  an  instant,  giving 
up  its  stored  mechanical  energy  to  drive  the  induction  motor  at 
a  speed  above  that  fixed  by  its  synchronism  with  the  prime  genera- 
tor, when  current  will  be  turned  back  and  pumped  into  the  line. 
But  the  aggregate  effect  of  these  times  of  reflex  action  can  only 
50 
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be  determined  by  an  integrating  wattmeter.  And  we  hope,  there- 
fore, with  the  author  of  this  very  interesting  paper,  that  it  will 
lead  to  more  investigation  on  this  important  subject. 

Mr.  F.  W.  Dean. — I  have  read  this  paper  with  interest,  but 
perhaps  not  in  as  thorough  a  manner  as  is  necessary  to  a  full  under- 
standing of  it.  The  conclusion  drawn  in  paragraph  12  is  of  such 
a  nature  that  it  can  hardly  remain  unchallenged.  Laying  aside  the 
question  of  losses  in  the  Richland  Mills,  that  of  the  Granby  Mills 
seems  quite  probable.  This  is  a  loss  from  the  switchboard  to  the 
textile  machinery;  that  is  to  say,  all  of  the  electrical,  belting,  and 
shafting  losses.  It  would  naturally  be  supposed  that  in  the  case 
of  the  Olympia  Mills  the  above  losses  and  the  friction  of  the  engine 
and  generator,  and  transmission  losses  to  the  switchboard,  would 
be  greater  than  17  per  cent.,  inasmuch  as  in  electrically  driven 
mills  the  total  loss  is  very  much  more  than  that  stated  for  the 
Granby  Mills. 

In  a  belt-driven  mill  where  the  connections  are  fairly  direct, 
good  practice  indicates  that  the  total  friction  up  toi  the  textile 
machines  is  about  20  per  cent.  It  is  all  but  startling  to  see  that 
in  the  Olympia  Mills  the  total  losses  are  less  than  the  jjartial  losses 
at  Granby,  and  this  cannot  stand  without  being  seriously  chal- 
lenged. 

As  I  understand  the  explanation  of  Fig.  321,  it  was  found  in 
certain  tests  that  the  engine  friction  when  the  generator  was  not 
developing  current  amounted  to  2.91  per  cent.,  and  that  in  an- 
other case  the  generator  friction  was  negative  2.78  per  cent. 
This,  of  course,  is  a  very  peculiar  thing.  I  had  the  curiosity  to 
ascertain  the  indicated  horse-power  of  two  engines  which  we  have 
installed  for  the  American  Woolen  Company  at  the  Assabet  Mills, 
iraynard,  Mass.,  both  of  which  are  direct-connected  to  General 
Electric  generators.  The  engines  were  built  by  Mcintosh,  Seymour 
&  Co.,  the  larger  having  cylinders  32  inches  and  64  inches  diameter 
by  -IS-inch  stroke  and  making  120  revolutions  per  minute,  and  the 
smaller  having  cylinders  20  inches  and  40  inches  diameter  by  36- 
inch  stroke  and  making  133  revolutions  per  minute.  The  larger 
engine  is  direct-connected  to  a  2,000-kilowatt  generator,  and  the 
smaller  to  a  500-kilowatt  generator.  These  engines  were  operated 
on  Saturday  afternoon,  when  driving  merely  themselves  and  the 
generators,  and  the  friction  horse-power  of  the  larger  was  about 
172  horse-power  and  that  of  the  smaller  about  64  horse-power. 
I  have  called  the  proper  rated  horse-power  for  these  engines  re- 
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spectively,  2,400  horse-power  and  800  horse-power.  This  makes 
the  friction  indicated  horse-power  of  the  larger  engine  7.15  per 
cent,  and  of  the  smaller  7.97  per  cent.  The  indicator  diagrams 
were  fairly  uniform,  and  there  is  no  reason  to  suppose  that  there 
was  any  material  error  in  the  results.  They  are  about  what  good 
practice  at  the  present  time  indicates  as  probable,  and  are  very 
much  larger  than  any  engine  and  generator  frictions  given  by  Mr. 
Whaley,  and  indicate  that  his  are  too  small.  I  have  never  heard 
of  any  engine  friction  as  low  as  he  reports,  and  can  hardly  think 
that  it  is  likely  to  be  obtained. 

Mr.  Jesse  M.  Smith. — Mr.  Dean,  in  describing  the  plant  at  the 
cotton  mill  did  not,  as  I  understand,  state  whether  the  genera- 
tors were  alternating  or  direct  current.  It  is  well  known  that 
when  two  alternating-current  generators  are  run  in  parallel,  that 
is  when  the  two  machines  are  attempting  to  furnish  current  to  rim 
the  same  motors,  unless  they  run  at  absolute  synchronism,  one 
may  be  run  as  a  motor  and  the  other  as  a  generator.  So  that  it 
does  not  seem  to  me  at  all  strange  that  in  this  paj^er  by  Mr. 
Whaley  we  see  that  the  friction  of  the  engine  and  generator 
taken  together  is  sometimes  positive  and  sometimes  negative.  As 
I  understand,  Mr.  Whaley  does  not  state  that  the  friction  of  the 
engine  is  ever  negative,  but  that  the  friction  of  the  combination  of 
( acli  engine  with  its  generator  is  negative  at  some  times,  and 
positive  at  other  tunes;  but  if  the  friction  of  both  combinations 
were  taken  at  the  same  instant  it  would  be  found  that  their  sum 
would  be  positive. 

Mr.  Geo.  L.  Fowler. — This  paper  on  electricity  in  cotton  mills 
is  limited  of  course,  in  its  discussion  to  the  application  of  elec- 
tricity to  that  class  of  mill;  but  the  general  subject  is  one  of  the 
greatest  importance  and  the  greatest  interest  to  every  engineer 
who  has  anything  whatever  to  do  with  the  development  and  trans- 
mission of  power.  The  mere  question  as  to  whether  it  is  more 
economical,  as  far  as  the  power  transmission  is  concerned,  to 
deliver  power  direct  from  the  engine  to  shafting  and  carry  it  to  the 
machinery  in  that  way,  or  use  electricity  as  the  means,  is  of  im- 
portance, biit  it  is  of  minor  importance  in  conijiarison  with  other 
considerations  which  come  in  and  give  tremendous  advantage  to 
electrical  transmission  of  power  in  shops.  The  cotton  mill,  of 
course,  is  unique  in  that  usually,  it  has  some  power  plant  from 
which  all  of  the  machines  derive  their  power,  and  the  small  ma- 
chine shop,  which  was  cited  in  the  first  discussion,  also  comes 
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under  the  same  category.  There  is  usually  one  engine  and  a  line 
of  shafting,  and  it  is  very  probable  that  to  intoi-pose  a  motor  or  a 
dynamo  and  then  group  or  use  individual  motors  for  the  various 
machines,  might  result  in  failure  to  show  any  economy  in  the  use 
of  electricity.  Biit  in  large  plants,  like  railroad  shops,  where  there 
is  a  great  diversity  of  work  being  performed,  the  distances 
between  buildings  are  great  and  power  must  be  taken  to  some 
distance,  that  is  where  electricity  comes  in  and  does,  as  they  say, 
its  fine  work.  It  is  not  an  imcommon  thing  at  all  to  see  in  a 
large  railroad  shop,  all  the  way  from  five  to  ten  entirely  distinct 
steam  plants,  each  one  of  them  having  its  own  attendant,  and 
each  one  of  them  doing  its  work  with  more  or  less  economy. 
Then  frequently  engines  are  placed  at  long  distances  from  a 
central  plant  in  order  to  save  the  expense  of  an  attendant.  You 
find  engines  standing  all  the  way  from  400  to  800  or  900  feet 
from  the  boiler  at  times,  and  the  drop  of  pressure  between  the 
boiler  and  the  engine,  is  of  course  very  great.  Railroad  managers 
are  coming  to  appreciate  the  fact  that  there  is  a  tremendous 
economy  to  be  secured  in  the  matter  of  attendance  and  coal  con- 
sumption by  means  of  electrical  apparatus,  and  all  of  the  modern 
shops  that  are  built  are  being  so  equipped.  The  most  recent  one 
which  I  have  seen  is  on  the  Norfolk  and  Western  Road  at 
Roanoke,  Virginia.  There  they  have  recently  discarded,  I  think, 
eight  of  their  independent  steam  plants,  and  piit  in  one  of  about 
600  horse-power  with  complete  electric  installation,  and  they  are 
driving  their  machine  shop  with  group  motors  varying  from 
7^  to  35  horse-power.  There  is  another  point  in  regard  to  this 
class  of  work  where  electricity  has  a  tremendous  advantage,  even 
though  it  may  not  save  anything  in  the  actual  transmission  of 
power,  and  that  is  in  giving  more  room  overhead  for  cranes  and 
other  means  of  handling  material.  Take  an  ordinary  machine 
shoiJ  where  the  ceilings  are  simply  covered  with  counter-shafting 
and  belting  rimning  in  every  direction,  it  is  almost  impossible  to 
put  in  even  a  jib  crane  or  an  overhead  pneumatic  hoist,  to  say 
nothing  of  getting  in  a  travelling  crane  which  will  do  the  work 
efliciently.  But  with  the  group  system  of  driving,  it  is  a  very 
simple  matter  to  arrange  the  shafting  and  the  grouping  of  the 
motors  in  such  a  way  that  cranes  are  easily  put  in  to  improve  the 
general  shop  efficiency.  So  that,  in  spite  of  the  fact  that  elec- 
tricity may  not  show  in  careful  tests  made  in  the  engine-room,  that 
there  is  the  slightest  saving  over  the  use  of  shafting,  there  are 
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SO  many  other  incidental  savings  -whipli  come  in,  that  it  is  probable 
that  any  saving  which  electricity  might  possibly  show  imder  the 
most  favorable  circumstances  would  sink  into  utter  insignificance 
in  comparison  with  the  other  savings  which  come  in  through  the 
lowering  of  the  cost  of  labor  and  attendance,  and  the  increase  in 
convenience  of  doing  the  work.  This  is  especiall}'  true  where 
power  is  needed  only  at  infrequent  intervals.  Take  a  large  rail- 
road shop  for  example  where  there  is  a  turn  table  which  is  used 
perhaps  for  two  or  three  hoiirs  in  the  day  constantly,  and  then 
may  for  as  many  hours  lies  perfectly  idle.  With  a  steam  plant 
to  do  that  work  you  have  to  have  an  attendant,  and  the  steam 
must  be  up  and  maintained  all  the  time.  With  the  electric  motor, 
the  attendant  may  be  busy  about  the  round-house  on  other  things, 
and  simply  goes  to  the  table  and  does  his  work  there  when  it  is 
required  to  move  an  engine.  That  is  merely  one  case  of  hun- 
dreds which  occur  around  shops  of  that  kind  where  electric  driv- 
ing is  valuable  and  indicates  the  saving  of  labor  and  time  which 
cannot  be  estimated  by  any  kind  of  a  computation  in  making  a 
test  of  the  comparative  value  of  transmission  of  jjower  by  elec- 
tricity and  direct  shafting. 

3{r.  H.  H.  Suplee. — !Mr.  Fowler  has  spoken  of  the  indirect  ad- 
vantages of  electric  driving;  in  a  discussion  of  this  subject  before 
the  Franklin  Institute  in  Philadelphia,  our  member  Mr.  Yauclain, 
stated  that  he  estimated  the  saving  in  floor  space  at  the  Baldwin 
Locomotive  Works,  as  about  40  per  cent.,  due  simply  to  the  better 
arrangement  of  machinery.  The  tools  could  be  placed  where  they 
were  wanted  instead  of  with  reference  to  shafting,  gaining  the 
equivalent  of  40  per  cent,  in  floor  space. 

Mr.  Whaley* — In  reply  to  Mr.  Dean's  question  as  to  the 
apparently  small  friction  of  the  engine,  I  stated  in  the  paper  that  I 
did  not  claim  the  apparent  loss  between  the  engine  and  board  to 
be  the  friction  of  the  engine.  As  a  matter  of  fact,  the  engine,  at 
full  speed,  with  no  load  and  without  any  current  on  the  generator 
took  Dtj  horse-power,  as  shown  by  eight  cards;  the  full  power 
of  the  engine  is  2,000  horse-power.  If  we  take  this  figure  as  the 
full  load,  that  would  give  us  4.8  per  cent,  friction,  and  as  soon  as 
we  put  the  current  on  the  generator  and  add  the  load  electrically 
by  means  of  motors  throughout  the  mill,  we  at  once  distribute 
the  friction  of  the  generator  and  the  engine  into  the  wires.  Now, 
I  do  not  claim  that  the  friction  of  the  engine  is  really  diminished, 


*  Author's  closure,  under  the  Rules. 
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although  I  believe  it  is  to  a  slight  extent;  I  believe  that  the  in- 
creasing of  the  load  on  the  generator  has  a  tendency  to  decrease 
rather  than  to  increase  the  friction,  opjiosite  to  the  case  of  putting 
a  load  on  an  engine  with  belt  or  rope  drive,  where  the  pull  or 
drag  of  the  shaft  against  the  bearings  becomes  greater  as  the 
load  is  increased;  we  accept  that  as  a  fact  which  has  appeared 
from  the  outset,  or  from  the  time  my  attention  was  called  to 
the  apparently  small  engine  friction  last  fall. 

I  paid  special  attention  to  the  losses  between  the  board  and  the 
indicator  and,  taking  the  cards  and  figuring  at  random,  I  found 
that  it  showed  3.7  per  cent.,  three  per  cent.,  two  and  a  fraction 
per  cent.,  minus  one  per  cent.,  etc.,  and  I  had  also  a  whole  lot  of 
negative  cards  which  gave  me  the  impression  that  something  was 
wrong  and  that  somebody  had  made  a  mistake,  so  I  quoted  only 
the  3.7  per  cent,  as  being  the  most  probable  of  the  figures.  We 
got  the  General  Electric  Co.  to  test  the  wattmeters;  they  were 
checked  out  all  right.  We  checked  the  indicators  and  then  again 
took  readings,  with  the  same  results.  I  then  sent  a  young  man, 
a  graduate  of  Cornell  University  and  a  capable  fellow,  now  in  my 
employ,  to  take  the  indicator  cards  but  without  disclosing  my 
reasons;  he  was  instructed  to  ascertain  the  friction  load.  Two 
days  after  that,  when  I  asked  him  what  results  he  had  obtained, 
he  blushed  and  said  that  he  thought  he  could  take  indicator  cards, 
but  lie  had  a  lot  of  them  which  he  was  sure  were  wrong;  he  had 
found  those  negative  values.  I  then  had  the  series  of  tests  made, 
as  given  in  this  paper,  with  view  of  seeing  just  what  really  did 
exist,  and  with  the  results  as  given. 

Referring  to  the  diagrams  which  have  been  alluded  to  in  one 
of  the  discussions — Fig.  320 — I  think  there  is  a  misunderstand- 
ing. I  did  not  intend  to  say  that,  simultaneously,  one  engine 
was  running  positive  and  the  other  negative ;  I  simply  show  in  one 
diagram  the  maximum  value  and  in  the  other  the  minimum  value 
in  order  to  strike  the  average,  and  it  was  not  intended  to  appear 
as  though  one  generator  were  running  negative  while  the  other 
was  running  positive.  The  indicator  cards  of  those  engines  are 
taken  in  pairs;  that  is,  the  two  engines  are  indicated  simul- 
taneously. It  took  five  men  to  take  those  readings— a  man  on 
each  cylinder  and  a  man  at  the  board  reading  the  wattmeter,  and 
they  would  take  them  as  close  as  it  was  possible  to  do. 
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BY  GEO.   H.    BARRirs,   BOSTON,   MASS. 

(Member  of  the  Society.) 
I. OBJECT    OF    THE    TRIALS. 

1.  The  object  of  these  trials  which  were  made  during  October 
and  November,  1901,  was  primarily  to  determine  the  commercial 
value  of  some  of  the  leading  coverings  in  the  New  York  market  for 
use  in  the  modern  power  houses  carrying  high  pressure  steam,  such, 
for  example,  as  the  Manhattan  Hailway  Company's  plant  where  the 
tests  were  made ;  and,  incidentallj',  such  other  information  bearing 
on  the  general  subject  as  could  be  readily  obtained.  The  tests  on 
pipe  coverings  which  have  been  made  heretofore  have  been  largely 
of  a  laboratory  character ;  that  is,  they  have  been  of  somewhat 
short  duration.  They  have  been  made,  as  a  rule,  on  short  sec- 
tions of  pipe,  and  generally  on  coverings  which  have  been  fur- 
nished by  the  manufacturers  with  the  full  knowledge  of  the  pur- 
pose for  which  they  were  to  be  used.  Without  intending  to  pass 
criticism  on  this  class  of  work,  which  so  far  as  it  goes  is  no  doubt 
of  excellent  character,  it  is  manifestly  better,  if  the  object  in  view 
is  a  commercial  one,  to  make  tests  of  such  length  and  character 

*  Presented  at  the  Boston  meeting  (May,  1902)  of  ibe  American  Society 
of  Mechanical  Engineers,  and  formins  part  of  Volume  XXTII.  of  the  Transactions. 

\  For  tu'ther  references  on  the  same  topic,  see  Transactiom  as  follows  : 
Vol.  xiv.,  p   827:  "Pipe  Covering  Tests."    G.  M.  Brill. 

Vol.  v.,  p.  73  :   "  Non-Conducting  Coverings  for  Steam  Pipes."     J.  M.  Ordway. 
Vol.  v.,  p.  212  :  '■  Non-Conducting  Coverings  for  Steam  Pipes."    Second  Paper. 

J.  M.  Ordway. 
Vol.  vi.,  p.  168:    "Non-Conducting  Coverings  for  Steam    Pipes."     Conclusion. 

J.  M.  Ordway. 
Vol.  ii.,  p.  34  :  "  Non-Conductois  of  Heat,  Experiments  On."    C.  E.  Emery. 
Vol.  iii.,  p.  228  ;  "  Note  on  Mineral  Wool  as  Non-Conducting  Covering."     F.  R. 

Hatton. 
Vol.  xix. ,  p.  729  :  "  The  Protection  of  Steam  Heated  Surfaces."    C.  L.  Norton. 
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that  they  will  appl}'  to  the  conditions  of  practice,  and  this  can 
only  be  obtained  by  extending  the  scope  of  the  work  and  the 
duration  of  the  tests  far  beyond  that  of  the  ordinary  laboratory. 
It  is  hardly  practicable  to  make  a  scientific  test  of  such  scope  as 
to  fully  conform  to  the  conditions  of  practice,  for  this  means  a 
test  of  interminable  length ;  but  it  is  possible  to  make  a  test  on 
such  reasonably  broad  lines  as  shall  satisfy  any  intelligent 
demands,  and  it  is  believed  that  this  has  been  done  in  the  tests 
under  consideration.  Many  of  the  coverings  have  been  tested 
day  after  day  for  a  continuous  run  of  over  a  month,  each  day's 
run  being  from  eight  to  nine  hours,  which  is  certainly  a  sufficient 
time  to  determine  satisfactorily  the  efficiency  of  the  covering 
during  a  reasonably  long  period  of  service. 

2.  That  the  coverings  might  represent  those  which  are  ordin- 
arily sold  and  used,  and  not  special  materials  prepared  to  order  for 
the  purposes  of  a  test,  they  were  ordered  and  purchased  through 
a  well-known  house  dealing  in  steam  filter's  suppffes  without 
giving  the  manufacturers  information  as  to  the  use  to  be  made  of 
the  materials,  or  of  the  locality  where  they  w^ere  to  be  applied. 
The  coverings  were  then  put  on  by  men  familiar  with  the  work, 
who  had  plenty  of  time  at  their  disposal,  and  who  had  no  incen- 
tive to  do  other  than  good  work  without  favoritism. 

I[. CHAEACTER    AND    SCOPE    OF   THE    TESTS. 

3.  In  view  of  the  leading  objects  sought,  it  was  decided  that  the 
tests  should  be  made  under  the  working  conditions  of  the  cover- 
ings ;  that  is,  that  they  should  be  "  condensation  "  tests.  No  other 
determination  of  the  non-conducting  properties  of  the  materials 
than  the  measurement  of  the  amount  of  condensation  which  the 
coverings  prevented,  seemed  applicable  to  the  case.  The  "con- 
densation" test  furnishes  a  method  which  is  entii'ely  satisfactory, 
not  only  in  its  practical  aspects,  but  in  its  scientific  bearings. 
The  heat  radiated  from  a  steam  pipe  causes  a  portion  of  the 
enclosed  steam  to  be  condensed,  and  the  quantity  of  heat  radiated 
is  exactly  proportional  to  the  weight  of  steam  condensed,  this 
being  a  well  established  scientific  fact.  It  is  a  matter  of  extreme 
simplicity  to  ascertain  the  quantity  of  steam  which  is  condensed, 
for  it  is  merely  a  question  of  weighing  the  resulting  water  on 
ordinary  weighing  scales.  The  quantity  of  radiated  heat  which 
the  condensation  represents  is  determined  with  equal  facility  by 
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reference  to  the  well  established  tables  of  the  properties  of  steam. 
It  seems  quite  unnecessary,  therefore,  to  consider  any  other 
method  of  testing  radiation  from  steam  pipes,  when  the  condensa- 
tion method  is  so  readily  and  accurately  used,  and  when  its 
results  are  determined  with  such  reliability  as  to  leave  nothing 
further  to  be  desired.  A  matter,  of  the  firsl  importance,  more- 
over, is  that  this  method  determines  the  exact  thing  for  which 
non-conducting  material  is  applied  to  steam  pipes,  which  is,  the 
quantit}^  of  condensation  prevented,  and  the  saving  of  fuel  which 
covering  the  pipes  secures. 

4.  "  Condensation  "  tests  require,  first,  that  the  steam  supplied 
to  the  pipes  which  are  subjected  to  test  shall  be  at  the  outset  free 
from  condensation;  in  other  words,  dry  steam.  They  require, 
second,  that  all  the  water  condensed  shall  flow  by  the  force  of 
gravity  to  some  low  point  from  which  it  can  be  readily  and  com- 
pletely drawn  off  for  measurement.  They  require,  third,  that  the 
surfaces  of  the  pipe  within  shall  be  continuously  supplied  with 
steam,  and  that  no  air  held  in  suspension  by  the  steam  shall 
collect  at  any  point  and  prevent  its  contact  with  the  surface. 
They  require,  fourth,  that  the  water  of  condensation  drawn  off 
from  the  apparatus,  which  under  the  effect  of  the  pressure  of  the 
steam  in  the  pipe  is  at  a  temperature  much  above  212  degrees, 
shall  be  cooled  on  its  escape  to  the  weighing  receptacle,  so  as  to 
prevent  loss  of  water  by  evaporation.  The  apparatus  used  on 
these  tests  was  so  arranged  as  to  accomplish  all  the  objects  noted, 
as  will  appear  in  the  description  of  the  apparatus. 

5.  The  tests  were  planned  with  a  view  to  determining  the 
efficiency  of  two  classes  of  coverings,  one  designed  for  the 
extremely  high  pressures  common  in  the  modern  power  plant,  viz., 
150  pounds  per  square  inch,  and  one  designed  for  the  ordinary 
boiler  pressure  which  has  long  been  in  vogue,  viz.,  80  pounds  per 
square  inch.  Another  feature  of  the  plan  was  the  determination 
of  the  efficiency,  not  only  on  the  comparatively  small  sizes  of  pipe 
which  are  largel}^  in  use,  but  also  on  larger  pipes,  such  as  are  em- 
ployed extensively  in  the  connection  of  individual  boilers  to  the 
mains  of  a  system.  The  size  selected  for  the  small  pipe  was 
the  2-inch,  and  that  for  the  large  pipe,  the  10-inch.  By 
this  means,  not  only  the  effects  of  differences  of  pressure  on  the 
efficiency,  but  also  of  differences  of  size,  was  determined.  !No 
attempt  was  made  to  secure  coverings  having  the  same  thickness 
of  material,  as  it  was  assumed  that  the  various  manufacturers 
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adapted  the  thickness  to  the  requirements  of  the  pipe ;  and  the 
leading  object  in  view  was  to  ascertain  the  eflSciency  of  the 
standard  coverings  of  the  various  manufacturers,  whatever  the 
thickness  happened  to  be.  The  thickness  of  eacli  one,  however, 
was  carefully  measured  before  application.  The  thicliness  after 
the  application,  or  rather  the  distance  between  the  outside  of  the 
covering  and  the  outside  of  the  pipe,  was  ascertained  by  measur- 
ing the  circumference  of  each  and  computing  therefrom  the 
average  diameter.  The  thickness  of  the  same  covering  applied  to 
the  two  sizes  of  pipe  was  different,  the  covering  for  the  larger  pipe 
being,  as  a  rule,  the  thicker  of  the  two.  To  ascertain  what  effect 
size  alone  had  upon  the  efficiency,  the  thickness  of  the  covering  in 
one  case  on  the  10-incli  pipe  was  reduced  by  the  removal  of  the 
outside  la3^ers,  so  as  to  conform  approximately'  with  the  thickness 
of  the  2-inch  coverings,  and  its  effect  was  determined  for  a  short 
trial.  The  relative  efficiency  of  all  the  coverings,  whether 
designed  for  high  pressure  pipes  or  for  low  pressure  pipes,  was 
ascertained  by  running  a  single  test  with  a  uniform  pressure  of 
80  ])ounds  throughout  both  systems. 

6.  The  tests,  as  a  rule,  were  made  without  circulation  of  the 
steam  other  than  that  produced  by  the  effect  of  condensation. 
The  drip  end  in  each  case  was  a  "dead"  end  of  the  pipe,  and  the 
steam  within  was  practically  dead  steam.  It  has  been  held  that 
the  radiation  is  not  the  same  in  a  closed  pipe  without  circulation 
as  it  is  where  the  pipe  is  transmitting  the  steam  at  a  rapid  rate. 
It  is  important  in  a  test  of  this  scope  that  if  any  doubt  exists  in 
regard  to  the  effect  of  circulation,  it  should  be  removed,  and  if 
the  condensation  with  steam  in  circulation  is  different  from 
that  of  dead  steam,  proper  allowance  should  be  made  for  the 
difference.  Under  the  conditions  of  actual  practice,  steam  is 
almost  always  in  circulation,  and  what  is  wanted  is  not  the  effi- 
ciency of  coverings  where  the  pipes  contain  steam  in  a  quiescent 
state,  but  those  where  the  steam  is  moving  with  considerable  ve- 
locity, unless  the  efficiency  is  proved  to  be  unaffected  by  circula- 
tion. To  obtain  data  on  this  subject,  which  would  establish  the 
fact  as  to  whether  there  was  a  difference  or  not,  the  drip  ends  of 
two  of  the  pipes  were  provided  with  means  for  establishing  a  cur- 
rent of  steam  through  the  pipe  without  carrying  away  any  of  the 
water  of  condensation  ;  and  tests  were  made  in  each  of  these  pipes 
under  each  condition,  there  being  first  a  period  with  the  steam  in 
its  quiescent  state,  the  same  as  that  adopted  for  the  tests  in  gen- 
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eral,  and  then  a  period  immediately  following  during  which  a 
certain  measured  quantity  of  steam  was  drawn  off  and  the  test 
repeated. 

7.  It  maj'  as  well  be  said  right  here  that  these  comparative  runs 
showed  conclusively  that  there  was  no  difference  whatever  be- 
tween the  rate  of  condensation,  whether  the  steam  was  in  circula- 
tion or  practically  quiet ;  or,  if  there  was  a  difference,  it  was  so 
slight  as  to  be  within  the  limit  of  probable  error  of  measurement. 
It  is  to  be  observed,  however,  that  this  statement  applies  only  to 
the  conditions  of  these  tests,  for  it  is  no  doubt  true  that  if  there 
were  no  circulation  whatever,  and  no  provision  made  for  venting 
the  air  brought  into  the  steam,  the  effect  of  putting  the  steam  into 
circulation  would  be  plainly  noticeable,  owing  to  the  removal  of 
the  air  which  the  circulation  would  induce.  These  are  not  the 
circumstances  under  which  the  tests  were  made,  for  in  every  case 
the  air  was  continuously  vented  by  a  suitable  opening  of  the  air 
valve. 

The  tests  determined  the  rate  of  condensation,  not  only  under 
normal  conditions  of  work  for  a  period  of  several  hours  each  day, 
but  they  also  determined  the  total  quantity  of  steam  condensed  in 
the  pipes  from  the  time  the  steam  was  first  admitted  to  the  appar- 
atus until  the  steam  was  shut  off  at  the  close  of  the  test,  including 
that  required  for  warming  up  the  pipes  and  the  coverings  from 
their  cold  condition. 

8.  The  effect  of  the  various  non-conducting  materials  in  reduc- 
ing the  temperature  of  the  outside  surface  of  the  coverings  was 
studied  to  some  extent,  although  not  carried  far  enougli  to  form  a 
basis  for  any  important  conclusions.  The  results  of  these  studies 
are  given  in  the  record  for  what  incidental  value  they  may 
possess. 

9.  A  test  was  made  on  each  pipe  under  the  working  pressure 
with  the  covering  removed  and  the  pipe  bare,  so  as  to  furnish  a 
basis  for  the  determination  of  the  percentage  of  efficiency.  When 
the  2-inch  pipes  were  tested  for  this  purpose,  alternate  pipes  were 
tested,  so  that  the  radiation  of  heat  from  contiguous  pipes  would 
not  affect  the  result  in  any  one.  When  the  10-inch  pipes  were 
tested  bare,  it  was  necessary  to  run  these  in  conjunction,  there 
being  no  means  of  separating  them,  and  the  heat  radiated  from 
one  served  pi'obably  to  reduce  the  rate  of  condensation  in  the 
other  on  the  two  sides  facing  each  other. 

10.  After  some  preliminary  tests,  the  tests  on  the  2-inch  pipes 
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were  commenced  on  October  3, 1901,  and  they  continued  regularly, 
with  the  exception  of  Sundays  and  a  few  days  in  October,  until 
November  9,  1901.  On  two  of  the  coverings,  the  total  number 
of  days  run  was  25 ;  on  two,  24 ;  on  one,  21 ;  on  one  20 ;  and  on 
the  remaining  coverings,  and  on  the  bare  pipes,  from  one  to  eight 
days. 

That  no  question  might  be  raisetl  as  to  the  influence  which 
locality  and  surrounding  conditions  of  the  various  coverings 
might  have  on  the  results  of  the  tests,  the  following  plan  was 
followed  as  regards  the  coverings  on  the  80-pounds  section  :  The 
four  pipes,  Nos.  2,  3,  4,  and  5,  were  tested  with  four  different 
coverings  used  during  the  entire  time  of  the  tests  without  change. 
No.  1  pipe  was  used  as  a  sort  of  standard  pipe  for  reference,  and 
the  same  class  of  coverings  as  were  applied  to  Nos.  2,  4,  and  5 
were  applied  separately,  one  after  the  other,  to  Pipe  No.  1,  and 
each  one  subjected  to  a  test  of  comparatively  short  duration.  To 
a  limited  extent,  the  same  plan  was  followed  on  the  150-pound 
section  of  the  ])ipes.  By  this  means,  the  various  classes  of  cover- 
ing were  compared  when  applied  under  precisely  the  same  condi- 
tions, with  the  exception  of  the  temperature  and  other  conditions 
of  the  surrounding  air.  An  attempt  was  made  to  apply  the  same 
class  of  covering  to  No.  1  pipe  for  a  short  test  as  that  tested  on 
Pipe  No.  3  ;  but  it  was  found  after  application  that  some  parts  of 
the  pipe  were  covered  with  other  material,  which  made  the  test 
useless. 

11.  Although  the  coverings  were  purchased  through  the  regu- 
lar channels  of  trade,  as  already  stated,  without  any  notification 
to  the  different  manufacturers  as  to  the  purpose  for  which  they 
were  to  be  used,  the  various  representatives  of  the  coverings 
were  notified  before  the  tests  were  completed,  and  asked  to  ex- 
amine tlie  apparatus  and  the  coverings  applied,  and  make  any 
criticisms  they  saw  fit.  In  reply  to  these  requests,  the  various 
interested  parties  examined  the  plant  and  the  coverings,  and  a 
few  suggestions  were  made  pointing  out  defects  of  application. 
These  defects  were  subsequently  corrected,  but  there  was  no  ap- 
preciable difference  produced  in  tl;e  results,  showing  conclusively 
that  the  coverings  had  already  been  well  applied.  In  this  con- 
nection, it  should  be  said  that  a  careful  watch  was  kept  of  the 
various  coverings  as  the  test  progressed,  to  discover  defects  of 
application  due  either  to  the  original  work,  or  to  the  effects  of 
the  heat,  or  to  continued  use,  such  as  the  loosening  of  the  canvas 
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laps,  or  the  shrinking  of  the  sections  from  end  to  end  ;  and  when- 
ever such  defects  were  discovered,  they  were  immediatel}'  remedied 
so  as  always  to  maintain  the  coverings  in  sound  condition. 


III. — LOCATION    AND    DESCRIPTION    OF    APPAKATUS. 

12.  The  apparatus  was  located  in  an  unused  part  of  the  base- 
ment of  the  power-house,  situated  on  the  south  side  of  the  boiler- 
room  portion  of  the  building  between  the  two  chimneys.  There 
was  a  space  here  of  148  feet  in  length  and  21  feet  6  inches  in 
width,  with  a  height  of  8  feet  4  inches  to  the  beams  and  10  feet 
2  inches  to  the  brick  arches  of  the  ceiling,  which  was  admirably 
adapted  to  the  scheme  of  tests  laid  out.  Nearly  the  whole  of  this 
space  was  enclosed  by  a  board  partition,  which  extended  to  a 
height  of  7  feet  from  the  floor,  starting  from  a  point  about 
12  inches  from  the  floor.  The  floor  was  cemented.  Along 
the  ceiling  on  the  extreme  south  side  of  the  room  for  its  entire 
length,  there  was  an  opening  about  3  feet  3  inches  wide  to  the 
floor  above,  where  the  boilers  are  placed.  The  location  of  this 
room  and  the  arrangement  of  columns,  arches,  floor-beams,  etc., 
are  shown  in  the  accompan\'ing  drawings,  of  which  Fig.  322  is  a 
floor  plan,  Fig.  323  a  side  elevation  looking  towards  the  engine 
room,  and  Fig.  324  an  end  elevation  looking  toward  East  River. 
These  drawings  also  show  the  location  of  the  test  apparatus 
with  reference  to  the  building.  They  are  made  from  measure- 
ments of  the  building  and  apparatus  taken  at  the  time  of  the 
tests. 

13.  The  testing  apparatus  may  be  divided  into  three  essential 
parts:  the  headers,  where  the  water  was  separated  from  the  steam 
and  the  dr}^  steam  was  supplied  to  the  testing  pipes  ;  the  testing 
pipes  themselves;  and  the  drip  ends  and  measuring  casks. 

The  steam  was  supplied  to  the  apparatus  from  one  of  the 
520-horse  power  Babcock  &  Wilcox  boilers  on  the  floor  above, 
which  was  in  use  during  the  time  of  the  tests  for  the  supply  of  an 
engine  employed  for  generating  electricity  about  the  premises. 
A  3-inch  pipe  was  laid  from  the  boiler  for  this  purpose  to  the 
central  distributing  separator,  A.  From  this  point  the  steam 
passes  through  2-inch  pipes  to  the  2-inch  section  of  the  apparatus, 
entering  first  the  respective  headers  marked  B  and  C,  header  B 
on  the  left  being  the  low  pressure,  or  80-pound  section,  and  header 
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C,  the  high  pressure,  or  150-pound  section.  A  continuation  of 
the  2-inch  pipe  at  the  right  carries  the  steam  diagonally  across 
tlie  room  to  separator  Z>,  which  furnished  high  pressure  steam 
to  the  10-inch  pipes.  Tiie  drain  pipe  of  separator  A  is  carried 
to  an  automatic  ti-ap  whicii  keeps  the  same  f ree  f  I'om  Avater.  The 
separators  connected  witli  the  lieaders  Ji  and  C,  as  also  separator 

D,  are  drained  b^r  pipes  having  regulating  valves  which  are  oper- 
ated by  hand.  Gauge  glasses  attached  to  the  drip  pipe  at  the 
dead  ends  of  lieaders  B  and  C,  as  also  to  the  drain-pipe  of  separ- 
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Fig.  324. 


ator  D,  indicate  the  presence  of  water,  if  any  collects  within. 
Openings  for  the  discharge  of  steam  to  the  test  pipes  from  the 
headers  £  and  0  are  located  at  the  top  of  the  pipe,  thereby 
insuring  to  them  the  dryest  portion  of  the  steam  contained  within. 
It  will  be  seen  that  with  this  arrangement  of  headers  and  separ- 
ators there  was  no  opportunity  for  free  water  to  obtain  access  to 
the  test  pipes,  especially  in  view  of  the  fact  that  the  quantity  of 
steam  supplied  was  so  small  that  the  velocity  of  the  steam  at  the 
entrance  "was  inappreciable,  and  the  best  possible  opportunity  was 
afforded  for  the  deposit  of  any  moisture  whicli  might  be  brought 
along  with  the  steam  from  the  boiler. 

14.  The  test  pipes,  which,  as  already  stated,  are  of  the  2-inch 
and  10-inch  size,  are  arranged  in  the  case  of  the  former  in  two 
sections,  five  pipes  in  each.  They  are  numbered  for  reference 
from  1  to  5  in  the  80-pound  section,  and  6  to  10  in  the  150-poun(l 
section,  these  numbers  appearing  on  the  plan.  The  arrangement 
of  the  pipes,  which  are  approximately  16  inches  apart  on  each 
side  and  all  on  the  same  level,  is  clearly  shown  in  the  drawings. 
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They  are  eaco  approximately  100  feet  in  length.  In  order  that 
the  drip  ends  niiolit  be  accessible  for  easy  regulation  and  at  the 
same  time  to  bring  into  the  test  the  effect  of  elbows  as  well  as 
straight  runs  of  pipe,  the  pipes  are  arranged  to  return  back  in 
the  manner  shown  and  come  forward  to  near  the  centre  of  the 
room.  Each  one  pitches  from  the  header  to  the  drip  end,  a  total 
distance  of  18  inches.  The  pipes  are  supported  from  the  iron 
beams  in  the  ceiling  by  short  hangei's.  Tiie  height  of  the  pipes 
above  the  floor  for  the  greater  part  of  their  lengths  is  such  that 
a  person  may  walk  beneath  them  without  stooping. 

15.  The  10-incli  pipes,  two  in  number,  are  designated  No.  11 
and  No.  12.  They  are  approximately  35  feet  in  length  from 
end  to  end,  and  are  put  together  with  flanged  joints,  excepting 
the  caps  at  the  drip  ends,  which  are  screwed.  One  2-inch  angle 
valve  controls  the  admission  of  steam  to  both  pipes. 

KJ.  On  the  2-inch  pipes,  the  drip  end  consists  first  of  a  2-inch  x 
^-incli  X  2-inch  tee  arranged  with  the  ^-inch  opening  looking  down- 
ward. At  the  -j-inch  outlet  is  attached  a  ^-incli  pipe,  at  the 
lower  end  of  wliich  is  a  |-incli  valve  for  drawing  ofif  the  con- 
densed water.  On  the  side  are  two  ^-inch  branches,  to  which 
are  attached  a  set  of  gauge  glass  fittings.  To  the  outlet  of  the 
lower  water  glass  fitting  is  attached  a  ^-iiich  globe  valve,  which 
serves  as  the  main  regulating  valve  for  the  discharge  of  the  water 
of  condensation  into  the  weighing  casks.  From  this  valve  a 
J-inch  pipe,  increased  a  little  further  on  to  a  J-inch  pipe,  with  the 
necessary  elbows,  carries  the  water  into  the  bottom  of  the  cask. 
The  cask  is  one  holding  20  gallons,  resting  on  Fairbanks  scales, 
the  latter  registering  to  one-quarter  pounds.  The  air-vent  valves 
are  attached  to  the  2-inch  x  ^-inch  x  2-inch  tee  at  the  drip  end 
of  the  test  pipe  at  sucli  a  point  that  the  bottom  of  the  pipe,  which 
is  of  the  ^-inch  size,  is  ^-inch  above  the  line  of  the  bottom  of 
the  2-inch  pipe  inside.  In  the  case  of  the  10-inch  pipes  the  vent 
pipes,  also  of  the  ^-inch  size,  are  attached  to  the  cap  at  the  drip 
end  at  a  distance  of  2  inches  above  the  bottom  of  the  pipe  inside. 

17.  The  device  used  for  producing  the  circulation  of  steam  in 
pipes  Nos.  1  to  6,  shown  on  Fig.  324,  consists  essentially  of  an  ori- 
fice -l-inch  in  diameter  in  a  plate  enclosed  between  the  two  parts 
of  a  pair  of  1^-inch  flanges.  A  l|-inch  valve  placed  between  the 
orifice  and  the  end  of  the  test  pipe  enables  any  desired  amount  of 
steam  to  be  drawn  oil,  and  its  quantity  is  determined  by  the 
pressure   shown    by  the    gauge,  using   the   well-known   Napier 
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formula.  "Without  knowing  tlie  exact  co-eificieut  of  the  orifice, 
this  method  gives  approximate  figures,  but  an  approximation  is 
all  that  is  needed  in  tiiis  case. 

18.  The  dimensions  of  the  various  test  pipes,  embracing  length, 
circumference,  total  area  of  surface,  and  area  of  surface  to  which 
the  various  materials  tested  were  applied,  are  given  in  Table  No. 
1  at  the  end  of  the  paper. 

IV. — DESCRIPTION    OF    COVEKINGS. 

19.  The  names  of  the  coverings,  their  locations,  and  the  numbers 
of  the  pipes  to  which  they  are  applied,  are  given  in  the  following 
list,  the  names  given  being  those  used  for  designating  the  various 
materials  throughout  the  paper. 

80-pound  Section,  i-inch  Pipes. 

Name  of  Covering.  No.  of  Pipe. 

1.  New  York  Air  Cell 1 

2.  (last's  Air  Cell 2  and  1 

3.  Carey's  iMoulded 3  and  1 

4.  Asbesto-Sponge  Moulded 4  and  1 

5.  Asbestocel 5  and  1 

15()-pound  Section,  2-inch  Pipes. 

6.  Asbesto-Sponge  Felt,  59  laminations 6  and  8 

7.  Magnesia  7  and  8 

8.  Asbesto-Sponge  Felt,  48  laminations 8 

9.  Asbesto-Sponge  Hair  Felt,  3  Ply,  corrugated 8  and  9 

10.         "  "  "         "      3  Ply,  plain 9 

11. '         ■'      2  Ply,      "    9 

12.  Asbestos  Navy  Brand 10  and  6 

\5^)-poun.d  Section,  U-inch  Pipes. 

13.  Watson's  Imperial 11 

14.  Asbestos  Navy  Brand 11 

15.  Asbesto-Sponge  Felt,  76  laminations 12 

16.  "  "  "66  "         12 

17.  Magnesia 12 

The  composition  of  the  coverings,  so  far  as  can  be  judged  by 
exterior  examination,  and  the  leading  features  of  their  construc- 
tion, are  as  follows : 
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(1)  Neio  Turk  Air  Cell. — It  consists  of  alternate  layers  of  plain 
and  corrugated  asbestos  sheets,  the  connigations  of  which  run 
lengthwise  of  the  pipe. 

(2)  Gasfs  Air  Cell. — This  covering  is  four-ply  and  is  similar  in 
general  features  of  construction  to  the  New  York  Air  Cell.  It 
differs  from  that  covering  in  having  thicker  sheets  of  asbestos. 

(3)  Carey's  Moulded. — A  solid  white  mass  of  uniform  texture, 
which  has  the  appearance  of  being  a  mixture  of  plaster  of  Paris 
and  asbestos  fibre,  the  former  predominating,  and  it  is  moulded 
in  the  required  form  for  application  to  the  pipes. 

(4)  Ashesto-Sj'onge  Moulded. — A  compact  white  mass  of  uniform 
texture  of  what  appears  to  be  asbestos  fibre  and  plaster  of  Paris, 
the  latter  predominating. 

(5)  Ashegtocel. — Concentric  alternate  layers  of  plain  and  corru- 
gated asbestos  paper,  the  corrugations  passing  circumferentially 
around  the  pipes. 

(6)  Ashesto- Sponge  Felt,  59  Zami/iations. — This  consists  of  super- 
imposed layers  of  asbesto-sponge  paper,  held  in  place  by  an 
adhesive  compound.  The  paper  is  composed  of  asbestos  fibre  and 
fine  particles  of  sponge,  the  latter  appearing  in  numerous  flakes 
distributed  throughout  the  body  of  the  material. 

(7)  Magnesia. — A  compact  white  mass  moulded  to  the  shape  of 
the  pipe,  which  appears  to  be  a  combination  of  carbonate  of  mag- 
nesia and  asbestos  fibre.     The  outside  is  finished  with  canvas. 

(8)  Asbesto-Sponge  Felt,  48  Laminations. — This  is  the  same  class 
of  covering  as  the  No.  6  above  desciibed,  the  only  difference 
being  in  the  number  of  sheets  of  asbesto-sponge,  which  averaged 
48,  the  lowest  number  in  any  one  section  being  23,  and  the  high- 
est 60. 

(9)  Ashesto-Sponge  Hair  Felt,  2- Ply,  Corrugated. — This  covering 
consists  of  one  plain  and  one  corrugated  asbestos  sheet,  with  cor- 
rugations running  lengthwise  of  the  pipe,  then,  a  layer  of  asbesto- 
sponge  hair  felt,  the  latter  being  composed  of  a  mixture  of 
asbestos  fibre,  sponge,  and  hair  felt,  tlie  asbestos  predominating. 

(10)  Ashesto-Sponge  Hair  Felt,  d-Ply,  Plain. — It  consists  of  a 
sheet  of  asbestos,  then  three  layers  of  asbesto-sponge  felt,  alter- 
nating with  three  laj^ers  of  resin-sized  paper,  the  outside  finish 
being  canvas. 

(11)  Asbesto-Spmige  Hair  Felt,  ^-Ply,  Plain. — Similar  to  No.  10, 
just  described,  with  the  exception  that  two  layers  of  felt  and 
resin-sized  paper  are  employed,  instead  of  three. 
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(12)  Asbestos  Navy  Brand. — This  covering  has  an  inner  Ikyer 
or  crust  of  asbestos,  surrounded  by  asbestos  fibre  of  a  more  or 
less  felted  texture,  and  an  outer  layer  of  asbestos. 

(13)  Watson's  Imperial. — This  is  composed  of  layers  of  asbestos 
paper,  each  of  which  is  made  up  of  one  plain  sheet  and  one 
indented  sheet.  The  number  of  sheets  of  plain  paper  in  the  cover- 
ing tested  was  7,  and  of  indented  paper,  6. 

(14)  Asbestos  Navy  Brand. — Similar,  except  in  thickness,  to 
No.  12. 

(I.'*)  Asbesto-Sponge  Felt,  76  Laminations. — Similar,  except  in 
thickness  and  the  number  of  laminations,  to  No.  6. 

(16)  Asbesto-Sponge  Felt,  66  Laminatio7is. — Similar,  except  in 
thickness  and  the  number  of  laminations,  to  No.  15. 

(17)  Magnesia. — Similar,  except  in  thickness,  to  No.  7. 

20.  The  dimensions  of  these  coverings,  embracing  the  thickness 
before  application,  the  circumference  of  the  coverings  after  appli- 
cation, the  calculated  thickness  .after  application,  that  is,  the  dis- 
tance between  the  outside  of  the  covering  and  the  outside  of  the 
pipe,  weights  of  each  covering  per  section  36  inches  long,  and  tiie 
area  of  the  outside  surface,  are  given  in  Table  No.  2  at  the  end  of 
the  paper. 

21.  The  various  coverings  subjected  to  the  test  were  applied  to 
the  2-inch  pipes,  starting  with  the  end  of  the  2-inch  angle  valve  at 
the  header,  and  ending  at  the  end  of  the  2-inch  x  ^-inch  x 
2-inch  tee  at  the  drip  end.  The  2-inch  angle  valves  on  the 
headers,  the  pipes  composing  the  drip  ends,  exclusive  of  the  gauge 
glass  and  the  brass  fittings  which  hold  the  glass,  and  exclusive 
also  of  the  g-inch  and  |-inch  pipes  and  fittings  belonging  to  the 
discharge  pipes  and  air  vent  pipes,  as  also  the  ^-inch  valve  at  the 
bottom  of  the  main  drip  jiipe,  were  covered  with  asbestos  fire  felt 
one  inch  thick.  The  1  ^-inch  extensions  leading  from  the  top  of 
the  2-inch  x  ^-inch  x  2-inch  tee  at  the  drip  ends  of  Nos.  1  and  6 
pipes,  were  also  covered  with  asbestos  fii'e  felt  one  inch  thick.  The 
headers  and  separators  were  covered  with  hair  felt.  On  the 
10-inch  pipes,  the  materials  subjected  to  the  test  were  applied 
solely  to  the  straight  run  of  pipe  between  the  shoulders  of  the 
flanges  in  the  first  length,  and  between  the  shoulder  of  the 
flange  and  the  end  of  the  cap  at  the  drip  end  in  the  second 
length.  The  separator  and  the  pipes  leading  to  the  flanges  at  the 
head  of  the  10-inch  pipes,  the  flanges  themselves  at  the  head 
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end,  and  the  flanges  at  the  centre,  together  with  their  hubs,  were 
covered  with  hair  felting  two  inches  thick.  The  cap  at  the  drip 
end,  together  with  the  pipes  composing  the  drip  apparatus,  with  the 
exception  of  the  water  glass  and  its  fittings,  the  |-inch  and  |-inch 
pipe  and  fittings  for  drawing  off  the  water,  and  those  for  venting 
the  air,  were  covered  with  asbestos  fire  felt  one  inch  thick.  When 
the  coverings  were  changed,  as  was  done  on  Pipes  1,  6,  8,  and  9, 
as  also  on  Pipes  11  and  12,  the  hair  felt  and  fire  felt  coverings 
referred  to  were  left  undisturbed. 

22.  The  coverings  on  Nos.  2,  3,  4,  and  5,  80-pounds  section,  and 
on  Nos.  7  and  10  of  the  150-pounds  section,  were  kept  in  use 
without  change  through  the  entire  period  of  the  tests.  The 
coverings  applied  to  No.  1  pipe,  one  after  the  other,  were  samples 
of  New  York  Air  Cell,  Asbestocel,  Asbesto-Sponge  Moulded, 
Gast's  Air  Cell,  and  Carey's  Moulded.  (See  reference  to  this  in 
paragraph  10.)  On  No.  6  pipe,  high-pressure  section,  the  coverings 
applied  one  after  the  other  were  Asbestos  Navy  Brand,  Magnesia, 
and  Asbesto-Sponge  Felt,  59  laminations.  On  Pipe  No.  8,  the 
coverings  applied,  one  after  the  other,  were  Asbesto-Sponge  Felt, 
48  laminations,  Asbesto-Sponge  Felt,  59  laminations.  Magnesia,  and 
Asbesto-Sponge  Felt,  2-Ply,  Corrugated.  The  coverings  applied 
to  No.  9  pipe  were  Asbesto-Sponge  Hair  Felt,  2-Ply,  Plain,  and 
the  same,  3-Ply,  Plain.  Those  applied  to  No.  11  pipe  were 
Asbestos  Navy  Brand  and  "Watson's  Imperial,  and  those  to  No.  12, 
Magnesia,  Asbesto-Sponge  Felt,  76  laminations,  and  the  same, 
()6  laminations. 

The  coverings  applied  to  Pipes  Nos.  6  and  8,  between  October 
22d  and  October  2Sth,  being  Magnesia  on  the  former  and  Asbes- 
to-Sponge Felt,  59  laminations,  on  the  latter,  were  interchanged 
during  the  evening  of  October  2Sth,  and  the  same  coverings  con- 
tinued to  be  used  in  their  new  locations. 

23.  The  sections  of  covering  in  all  cases  were  approximately 
36  inches  in  length,  whether  applied  to  the  2-inch  pipes  or  the 
10-inch  pipes.  The  canvas  finish  has  a  loose  flap  overhanging  one 
edge  of  the  covering  where  it  is  pasted,  by  means  of  which  the 
covering  is  secured  in  its  place,  the  overlapping  part  being 
covered  with  paste  which  adheres  to  the  other  half  and  makes  a 
continuous  finish.  Thin  metal  bands  are  finally  applied,  two  or 
three  to  each  section,  in  order  to  further  secure  the  covering  and 
hold  it  in  place.  "Where  the  sections  butt  together  at  their  ends, 
the  canvas  also  overlaps,  and  is  likewise  secured  with  paste  to  the 
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next  section,  making  a  continuous  covered  surface  and  sealing  the 
openings  between  the  sections. 

24.  The  costs  of  the  various  coverings  are  given  in  Table  No.  3, 
at  the  end  of  the  paper.  Tiiese  costs  were  determined  and  fur- 
nished by  the  mercantile  house  through  whom  the  coverings  were 
purchased,  and  they  represent  the  cost  of  the  same  to  the  consumer, 
figured  on  the  same  comparative  basis  of  charge.  They  may  not 
represent  the  exact  cost  of  any  of  the  coverings  named  for  any 
special  locality  or  special  plant,  for  the  cost  in  special  cases  de- 
pends upon  a  variety  of  circumstances,  and  these  circumstances  are 
seldom  the  same  in  one  case  as  in  another.  Tiiey  do  represent, 
however,  the  relative  cost  of  the  coverings  under  the  same  sur- 
rounding conditions,  as  nearly  as  these  can  be  ascertained.  The 
costs  given  in  the  table  embrace  the  cost  per  running  foot,  not 
including  the  cost  of  application,  the  cost  per  running  foot,  in- 
cluding application,  antl  the  cost  of  coverings  applied  to  pipes 
having  an  exterior  surface  of  10,000  square  feet.  The  length  of 
pipe  having  the  surface  area  mentioned  is  found  by  dividing 
10,000  by  tlie  circumference  of  the  two  sizes  of  pipe,  which,  in  the 
case  of  the  2-inch  pipes,  is  .628  feet,  and  in  the  case  of  the  10- 
inch  pipes,  2.811  feet.  For  the  2-inch  pipes,  the  length  is  15.924 
feet,  and  the  10-inch,  3.535  feet.  The  cost  of  applying  the  cov- 
erings is  taken  at  four  cents  per  running  foot,  for  all  the  2-inch 
'coverings,  except  the  Asbesto-Sponge  Hair  Felt,  which  is  taken 
at  five  cents  per  running  foot.  The  cost  of  applying  the  cover- 
ing to  the  10-incli  pipe  is  taken  at  five  cents  per  running  foot. 

V. HOW    THE    TESTS    WERE    MADE. 

25.  The  tests  were  for  the  most  part  complete  runs  of  one  day's 
duration,  starting  with  pipes  and  coverings  cold  and  the  pipes 
empty,  and  ending  with  the  steam  shut  off  and  the  ])ipes  com- 
pletely drained.  A  representative  test  was  made  as  follows:  The 
test  was  started  at  8.05  a.m.,  at  which  time  the  steam  was  turned 
on  the  apparatus  by  opening  the  valves  leading  to  the  two  head- 
ers. The  pressure  was  allowed  to  rise  gradually,  being  20 
pounds  in  each  header  at  8.12  a.m.,  seven  minutes  after  starting, 
and  reaching  the  working  pressure  at  8.20  a.m.,  fifteen  minutes  after 
starting;  the  casks  having  been  partly  filled  with  cold  water  pre- 
vious to  the  start,  and  the  weights  carefully  observed.  The  first 
readings  of  the  scales  were  taken  at  8.20  a.m.,  and  at  the  same  time 
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a  complete  record  was  made  of  the  steam  pressure  in  each  header, 
the  temperature  of  the  steam  shown  by  the  thermometers  in  oil 
wells  immersed  in  the  headers,  the  temperature  of  the  steam  shown 
by  the  thermometers  in  the  drip  chambei-s  of  Xos.  1  and  6  pipes, 
and  the  various  temperatures  as  indicated  by  the  air  thermome- 
ters. The  pressure  in  each  section  was  then  maintained  as  nearly 
constant  as  practicable,  and  the  readings  of  the  scales,  gauges  and 
thermometers  were  taken  every  half  hour  until  the  close  of  the 
test.  This  occurred  at  4.40  p.m.,  and  at  that  hour  the  valves  ad- 
mitting steam  to  the  headers  were  shut.  The  pressure  then 
gradualh'  fell  on  both  sides,  until,  at  4.57  p.m.,  it  became  zero,  and  the 
drip  valves  were  opened  wide  and  all  the  water  drained  out.  The 
final  readings  of  the  weights  were  then  taken.  During  the 
progress  of  the  tests,  two  workmen  were  employed,  one  on  each 
side,  to  regulate  the  discharge  of  water  from  the  drip  chambers, 
maintaining  the  level  as  near  as  practicable  at  a  fixed  point,  as 
shown  in  the  water  glass.  "When  the  casks  had  become  filled  to 
such  a  point  as  to  require  emptying,  which  always  occurred  once 
during  the  progress  of  the  day's  run,  the  discharge  valve  was 
closed  and  the  water  allowed  to  back  up  into  the  end  of  the  test 
pipe.  Meanwhile,  the  weight  was  taken  and  the  cask  emptied 
and  filled  anew  about  half  full  of  cold  water.  The  weight  was 
then  again  taken,  and  the  discharge  valve  opened,  bi-inging  the 
water-level  back  to  its  normal  position.  "When  the  regular  time 
arrived  for  taking  the  readings,  the  mode  of  procedure  consisted 
in  shutting  off  the  discharge  valve  of  Xo.  1  pipe  at  the  exact  time 
given  in  the  record.  Fifteen  seconds  later,  the  discharge  valve 
on  No.  2  pipe  was  shut  off ;  thirty  seconds  later,  No.  3  pipe  was 
shut  off  ;  forty -five  seconds  later,  No.  4  ;  and  so  on  through  the 
whole  number,  each  shutting  off  occurring  fifteen  seconds  later  than 
the  preceding  one.  As  soon  as  the  valve  was  shut,  the  weight  on 
the  scales  was  taken  and  recorded,  and  when  this  was  done,  the 
valves  were  all  again  re-opened  and  adjusted  to  the  normal  position. 
In  this  way,  intervals  between  successive  readings  of  the  weights 
were  alwa\^s  the  same,  although  they  were  not  all  taken  at  precisely 
the  same  instant — a  matter  which  it  was  impracticable  to  accom- 
plish. The  data  of  the  tests  were  all  taken  by  the  writer,  assisted 
by  Mr.  Joseph  C.  Schaeffler,  junior  member  of  the  Society,  both 
of  whom  were  in  constant  attendance  throughout  the  tests. 

26.  The  valve  admitting  steam  to  the  150-pound  section  of  the 
apparatus   was  kept   wide   open,  and  the  pipes  subjected  to  the 
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boiler  pressure,  which  was  carried  as  nearly  as  practicable  at  150 
pounds.  The  valve  admitting  steam  to  the  80-pound  section  was 
opened  sufficiently  to  obtain  the  desired  pressure, and  if  the  pressure 
changed,  the  valve  w^as  changed  accordingly. 

27.  The  scales  used  were  of  the  Fairbanks  make,  reading  to  one- 
quarter  pound.  No  attempt  was  made  to  read  closer  than  one- 
half  pound,  except  at  the  beginning  and  end.  Each  scale  was 
standardized  by  means  of  sealed  weights.  The  gauges  were 
standardized  by  comparing  with  the  dead  weight  testing  appar- 
atus. The  thermometers  used  in  the  headers  and  drip  chambers  of 
No.  1  and  No.  6  pipes,  also  those  for  showing  the  humidit}'  of  the 
air  (wet  and  dry  bulb  thermometers),  as  also  those  applied  to  the 
outside  of  the  coverings,  were  manufactured  by  Henry  J.  Green, 
of  Brookl3'n.  The  thermometers  used  for  showing  the  tempera- 
ture of  the  air  were  the  ordinary  air  thermometers,  enclosed  in 
black  japanned  cases.  These  were  standardized  by  comparison 
with  those  of  Henry  J.  Green's  make.  The  location  of  the  various 
gauges  and  thermometers  is  shown  on  Figs.  1,  2,  and  3.  The 
thermometers  showing  the  temperature  of  the  air  were  suspended 
from  Pipes  No.  3  and  No.  8,  and  midway  between  Nos.  11  and  12 
the  bulbs  being  21  inches  below  the  pipe. 

28.  At  various  times  during  the  progress  of  the  work,  an  at- 
tempt was  made  to  measure  the  velocity  of  the  air  currents,  if 
there  were  any  currents,  at  different  points  about  the  test  room. 
A  delicate  anemometer,  made  by  Short  &  Mason,  of  London,  was 
used  for  this  purpose.  The  instrument  was  held  in  various  posi- 
tions in  the  neighborhood  of  tlie  various  pipes,  so  as  to  show  the 
current  which  might  be  moving  in  any  direction  around  the  pipes, 
either  vertically  or  horizontally.  As  a  result  of  these  observations, 
Avhich  were  made  a  sufficient  number  of  times,  and  at  a  sufficient 
number  of  points  to  be  thoroughly  satisfactory,  it  was  found  that 
there  was  an  entire  absence  of  any  current  of  air  of  sufficient  force 
to  move  the  anemometer  vane.  The  instrument  was  absolutely 
motionless  at  every  point.  It  is  not  held  that  this  is  a  proof 
that  there  were  no  currents  of  any  nature  within  the  test  room, 
because  the  instrument  did  show  that  currents  e.xisted  on  the 
floor  of  the  room,  at  the  openings  under  the  wooden  partition, 
and  at  points  in  the  uppei'  part  of  the  room  over  the  partition,  but 
in  the  region  about  the  pipes  themselves,  which  were  several  feet 
above  the  floor,  such  currents  as  existed  at  the  points  named 
wholly  disappeared. 
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29.  The  thermometers  used  for  showing  the  temperature  of  the 
outside  surfaces  of  the  coverings  were  laid  fiat  on  the  upper  sur- 
face, and  the  bulbs  covered  with  hair  felt  2  inches  thick.  These 
thermometers  were  used  only  on  some  of  the  tests  during  the 
closing  days  of  the  work.  In  this  connection  an  attempt  was 
made  to  ascertain  the  effect  of  the  heat  radiated  from  the  cover- 
ings, in  warming  pans  of  water  supported  on  the  outside,  the  same 
being  carefully  protected  all  over  by  a  covering  of  hair  felt  2 
inches  thick.  These  pans  were  9  inches  long,  4^  inches  deep  at 
the  shallowest  point,  and  5  inches  wide.  The  ends  were  serai- 
circular,  and  the  lower  surface  was  made  semi-circular  in  form  so 
as  to  fit  in  some  degree  the  curvature  of  the  covering.  The  pans 
were  filled  with  the  same  quantity  of  water,  being  in  the  first 
place  cold  water  gradually  heated,  and  in  the  second  place,  water 
wliich  had  alread}^  been  heated.  These  were  applied  only  to 
pipes  on  the  80-poand  section.  Starting  with  cold  water  on  the 
test  of  October  2Sth,  the  pans  became  heated  to  the  following 
temperatures  at  the  close  of  the  run : 

No.  3.  Gast's  air  ceU 151.5  degrees. 

"     3    Carey's  moulded 136.5  degrees. 

"     4.  Asbesto-sponge  moulded 138.5  degrees. 

' '     5.  Asbestocel 136.5  degrees. 

Starting  the  next  day  with  water  heated  to  149  degrees,  the  tem- 
peratures at  the  end  of  the  run  were  as  follows : 

No.  2.  Gast's  air  cell 152.5  degrees. 

"     3.  Carey's  moulded 144.0  degrees. 

"    4.  Asliesto-sponge  moulded 146.0  degrees. 

"    5.  Asbestocel 143.0  degrees. 

On  four  succeeding  days,  with  preliminary  heating,  the  tem- 
peratures at  tiie  close  of  the  run  averaged  as  follows : 

Number  of  Pipes.. . .  2  3  4  5 

Name  of  Covering. 
Gat*t's  Air  Carey'w        Asbesto-ppoiige    Asbestocel. 

Cell.  Monldell.  Moulded. 

Averages 155.4  deg.     146.8  deg.     145.6  deg.     142.8  deg. 

On  four  succeeding  days,  without  preliminary  heating  of  the 
water  in  the  pans  at  the  start,  the  temperatures  at  the  end  of  the 
run  averaged  as  follows : 

Number  of  Pipes...  .  2  3  4  5 

Name  of  Covering. 

Gast's  Air  Carey'^        Aebesto-epoDge    Asbestocel. 

Cell.  Moulded.  Moulded. 

Averages 152.1  deg.     145.4  deg.     143.5  deg.     141.3  deg. 


810  TKtiTS    OF    STEAJl    PIPE    COVlilUNGS. 

The  temperature  of  the  outside  of  the  coverings  shown  by  the 
thermometers  on  the  high  pressure  pipes  at  the  end  of  eight  runs, 
averaged  as  follows : 

Number  of  Pipes 6  7  8  9  10 

Name  of  Coveriug. 
Asbesto-  Asbesto-  'Sa\y 

Sponge  Felt,        Magnesia.        Magnesia.        Sponge  Hair         Brand. 
59  lamina's.  Felt  3-ply. 

Averages 196.9  deg.       196.9  deg.     195.3  deg.     203.8  deg.     308.6  deg. 

The  average  temperatures  of  the  outside  of  the  coverings  on 
pipes  No.  11  and  12  at  the  end  of  several  runs,  were  as  follows : 

Number  of  Pipe 11  13 

Name  of  Covering. 
Navy  Brand.  A.'^besto-sponjre  Felt, 

7Ci  lammations. 
Averages  for  two  days 2'2i  degrees.  211  degrees, 

Watson's 
Imperial. 

Averages  for  four  days 338  degrees.  204.5  degrees. 

The  readings  of  these  thermometers  were  in  some  cases 
found  to  change  when  the  bulb  of  the  thermometer  was  moved  a 
short  distance  to  a  new  position.  The  effect  of  covering  the  pans 
and  preventing  radiation  from  their  surfaces  and  from  the  surface 
of  the  water  which  they  contained,  was  found  also  to  be  exceed- 
ingl}''  marked ;  and  the  conclusions  drawn  are  that  slight  differ- 
ences in  the  thickness  and  arrangement  of  the  covering  may  have 
had  a  considerable  effect  upon  the  temperature  of  the  water 
within.  The  reliability  of  the  indications  of  these  thermometers 
in  showing  the  relative  non-conducting  properties  of  the  various 
coverings,  is,  therefore,  open  to  some  question.  "With  this  explan- 
ation, the  readings  are  here  reported  for  the  value  they  may 
possibly  possess. 

30.  The  test  for  determining  the  effect  of  the  circulation  of  the 
steam  in  Nos.  1  and  6  pipes  was  made  by  observing  the  rate  of 
condensation  for  a  certain  period  of  time  each  way,  the  test  in 
each  case  being  started  after  the  pipes  and  the  coverings  had  been 
thoroughly  heated,  and  the  apparatus  had  attained  a  normal  con- 
dition of  work.  The  test  was  made,  first,  with  the  steam  shut  off 
from  the  orifice,  and  then  immediately  followed  by  a  suitable  run 
with  the  valve  opened  enougii  to  maintain  a  pressure  of  15  pounds 
at  the  orifice.  At  this  pressure,  it  is  estimated  that  the  amount 
of  steam  passing  through  each  of  the  2-inch  pipes  was  approxi- 
mately' 300  pounds  per  hour. 
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31.  To  determine  what  proportion  of  the  entire  condensation 
was  due  to  that  condensed  in  the  drip  end  of  the  pipe,  a  test  was 
made  on  'No.  6  pipe  with  this  end  in  view.  The  test  was  made 
without  changing  the  arrangement  of  the  pipe,  excepting  to  lift 
the  drip  end  to  such  a  point  that  the  test  pipe  should  incHne  away 
from  the  drip  end,  and,  therefore,  prevent  condensation  from  that 
portion  of  the  pipe  passing  into  the  measuring  apparatus.  It  was 
found  tliat  tlie  rate  of  condensation  of  this  end  of  the  No.  6  pipe 
amounted  to  six-tenths  of  a  pound  per  hour. 

From  the  results  of  this  test,  the  corrections  for  all  the  other 
drip  ends  have  been  made.  The  area  of  the  surface  of  the  drip 
ends  of  Nos.  7  to  10  pipes  is  six-tenths  of  the  area  of  the  surface 
for  the  No.  6  pipe  ;  and  the  rate  of  condensation  in  those  pipes 
is  taken  at  the  pro  rata  value,  or  -^  of  ^ij  equals  ^W  pounds 
per  hour.  The  test  of  the  same  covered  pipe  under  the  two  work- 
ing pressures  showed  that  at  80  pounds  pressure,  the  condensation 
was  84  per  cent,  of  that  which  occurred  at  150  pounds  pressure. 
The  correction  for  Pipes  ISTos.  1  to  5  are,  therefore,  found  by  taking 
84  per  cent,  of  the  correction  for  tlie  corresponding  pipes,  Nos.  6 
to  10.     The  corrections  are  summarized  as  follows : 

No.  1  5 

"  3 3 

■■  3     3 

"  4 3 

"  5 3 

"  6     6 

"  7 36 

"  8 86 

"  9 36 

"  10     36 

On  the  Nos.  11  and  12  pipes,  in  making  the  corrections  for 
the  condensation  due  to  the  flanges  and  supply  pipes  which  were 
covered  with  hair  felt,  and  for  the  drip  caps,  which  were  covered 
with  Asbestos  Fire  Felt,  and  for  the  drip  ends,  which  are  the 
same  as  those  on  the  2-inch  pipes,  it  is  assumed  that  the  hair  felt 
covered  surfaces  condensed  ^'j  of  a  pound  per  squai'e  foot  per 
hour,  the  drip  cap  ^/j  of  a  pound  per  square  foot  per  hour,  and 
the  drip  chamber  the  same  as  JSTos.  7  to  10  2-incli  pipes,  or  ^^  of  a 
pound  per  hour.     These,  collective!}',  amount  to  1.55  pounds. 

32.  Tliat  there  might  be  no  question  as  to  the  cliaracter  of  the 
steam  supplied  to  the  test  pipes,  one  of  the  writer's  calorimeters 
was  applied  to  the  right-hand  header  at  a  point  between  pipes  Nos. 
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9  and  10,  and  the  dryness  of  the  steam  ascertained  by  actual 
test.  This  test,  which  was  confined  to  a  single  day's  observation, 
showed  that  the  steam  was  commercially  dry,  the  actual  percent- 
age of  moisture  being  .25  of  1  per  cent. 

VI. — MANNER    OF    WORKING    OUT   THE    FINAL   EEStTLTS. 

33.  The  final  results  of  the  trials  are  based  on  the  rate  of  con- 
densation which  occurred  when  the  coverings  were  well  heated 
and  the  apparatus  was  working  under  normal  conditions.  The 
entire  duration  of  the  various  tests — that  is,  the  period  elapsing 
between  the  time  of  turning  on  the  steam  and  the  time  of  taking 
the  last  weight — was  usually  about  nine  hours.  Of  this  period, 
about  three  hours  were  required  for  heating  up  the  pipes  and  cover- 
ings to  the  normal  condition,  and  in  cooling  them  down  at  the 
end  of  the  test ;  leaving  for  the  period  of  normal  work,  a  run  of 
about  six  hours'  duration.  It  is  upon  this  run  of  six  hours,  and 
in  a  few  cases  a  shorter  period,  that  the  final  results  are  based. 
In  some  cases,  the  tests  made  when  the  covering  was  first  applied 
are  omitted,  for  the  reason  that  there  is  evidence  in  the  continued 
falling  off  of  the  rate  of  condensation  from  day  to  day  that  the 
coverings  had  not  become  thoroughly  heated  and  dried  out  after 
application.  The  tests  from  day  to  day  were  made  under  differ- 
ent conditions  regarding  the  temperature  of  the  surrounding 
atmosphere  and  average  steam  pressure.  That  these  differences 
of  conditions  might  be  properly  allowed  for,  and  the  results 
brought  down  to  a  standard,  the  rate  of  condensation  as  shown 
by  the  data  of  the  test  has  been  reduced  to  the  number  of  heat 
units  lost  for  each  square  foot  of  surface  of  the  bare  pipe  per 
hour,  divided  by  the  difference  in  temperature  between  the  steam 
inside  the  pipe  and  the  air  surrounding  the  covering.  In  making 
this  computation,  the  rate  of  condensation  as  determined  from  the 
data  is  corrected  for  the  effect  of  the  drip  ends,  using  the  amount 
pointed  out  in  the  previous  section  and  using  the  area  of  pipe 
surface  given  in  the  last  column  of  Table  No.  1.  The  tempera- 
ture of  the  steam  within  the  pipe  has  been  found  from  tables  of 
saturated  steam,  being  the  temperature  corresponding  to  the 
observed  average  pressure.  The  temperature  of  the  water  dis- 
charged from  the  drip  chambers  has  been  assumed  to  be  constant 
for  all  the  pipes  in  the  150-pound  section,  and  likewise  constant 
for  all  the  pipes  in  the  80-pound  section,  being  the  averages  of 


TESTS   OF    STEAM    PIPE    COVERINGS.  813 

the  temperatures  observed  for  the  No.  1  and  No.  6  pipes.  For 
the  SO-pound  section,  the  constant  temperature  assumed  is 
305.1  degrees,  and  for  the  150-pound  section,  339  degrees. 

34.  To  bring  the  results  in  heat  units  lost  per  unit  of  tempera- 
ture difference  into  a  more  practical  form  for  a  steam  user,  the 
amount  of  coal  required  to  furnish  the  loss  of  heat  which  these 
quantities  represent  has  been  computed  for  10,000  square  feet  of 
surface  for  a  continuous  run  of  24  hours  per  day  for  a  year  of 
365  days.  It  is  assumed  that  the  coal  is  of  such  a  quality  that 
one  pound  furnishes  to  the  steam  10,000  heat  units  (or  what  is 
called  in  the  1S99  Code  of  Boiler  Tests  "standard  "  coal),  and  the 
weight  in  pounds  is  converted  into  tons  by  dividing  the  number  of 
pounds  b3'  2240.  For  the  same  purpose,  the  cost  of  the  coal 
required  for  such  a  plant,  operated  for  the  time  named,  is  also 
computed,  assuming  that  the  coal  costs  $4  per  ton.  The  tempera- 
ture of  the  air  for  these  computations  is  assumed  to  be  60  degrees, 
and  the  pressure  of  the  steam  in  the  two  sections,  SO  pounds  and 
150  pounds  respectively.  Under  these  circumstances,  the  differ- 
ence in  temperature  between  the  steam  and  the  surrounding  air 
in  the  case  of  the  low  pressure  pipes,  is  263.6,  and  in  that  of  the 
high  pressure  pipes,  305.6.  The  number  of  tons  of  coal  computed 
from  the  heat  units  lost  per  unit  of  surface  per  hour  per  degree 
difference  of  temperature  is  readily  f(jund  by  the  use  of  a  simple 
formula  as  follows : 

80-pound  pipes:  Tons  of  coal  pnr  vear  =  1031  x  British  tliermal  units. 
150-pound  pipes:  Tons  of  coal  per  year  =  1195  x  British  thermal  units. 

35.  In  working  out  the  final  results  of  the  tests  made  on  the 
2-inch  bare  pipes,  the  corrections  for  the  covered  drip  ends  on  the 
|iipes  are  those  referred  to  in  paragraph  31,  the  portion  of  the 
surface  made  bare  being  simply  the  part  which  was  covered  by 
the  materials  subjected  to  test.  On  the  10-inch  pipes,  the  correc- 
tion made  is  less  than  that  on  the  covered  pipes,  owing  to  the 
fact  that  the  hair  felt  used  on  the  centre  flanges  on  the  covered 
pipes  was  removed  when  the  pipes  were  tested  bare.  The  correc- 
tion used  is  1.25  pounds  per  hour. 

VII. DATA    OF    THE    TESTS. 

36.  The  data  of  the  tests  are  so  voluminous  that  it  has  not  been 
thought  desirable  to  reproduce  them  in  full  in  this  paper.     The 
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author  will  be  glad  to  discuss  them  in  detail  with  any  members 
specially  interested. 

Table  No.  4  presents  a  summary  giving  the  average  differences 
of  temperature  and  the  hourl}^  rates  of  condensation  for  the  6- 
hour  periods  of  normal  condition. 

The  charts,  Figs.  325-336,  give  the  hourly  rate  of  condensation 


_f  IPE  No.  i 

\    1 

c 

den 

sat 

on\L 

bs.. 

pe 

H 

our 

|\ 

li 

\GASyS  AIR 

EL 

15- 

bsi 

'"* 

i. 

\ 

""^f 

\ 

, 

SBE 

s™s\ 

ho 

Al 

B  C 

LL 

ASB^STOC^ 

PO 

JLD 

:d 

^*s^are|'s'moi 

LDEO 

~^ 

,—■ 

\"/ 

" 

1 

1 

Difl 

ere 

nc 

of 

Te 

mp 

era 

ure 

tea 

nd 

Air 

-27 

„ 

" 

?o5 

^ 

^ 

N 

^ 

/ 

jj 

/ 

^ 

— ' 

^:^ 

/ 

. 

iO° 

y 

^ 

N 

y 

T 

o 

>0- 

' 

Di* 

nc 

of 

Te 

mp 

era 

-Wet 

an 

d   D 

ry 

3ul 

bT 

ler 

let 

er 

-1 

„ 

0- 

" 

— 

s 

^ 

— 

~. 

^ 

- 

„ 

' 

^ 

— 

^ 

- 

- 

0- 

1     12     22   28    2 

4     2 

S    2 

6    2 

S    2 

e   a 

0    3 

6      6       7 

1 

for  the  6-hour  periods  of  normal  conditions;  the  difference 
between  the  temperatures  of  the  steam  and  the  air ;  and  the 
difference  between  the  temjieratures  shown  by  the  wet  and  dry 
bulb  thei'mometei's.  Figs.  337  and  338  sliow  the  average  pressures  ; 
the  average  temperature  of  the  steam  corres]3onding  to  the  pres- 
sure ;  the  average  air  temperature ;  and  the  difference  between 
the  temperatures  of  steam  and  air  for  the  6-hour  period  of 
normal  conditions. 
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VIII.- — DEDUCTIONS    AND    RESULTS. 

37.  The  deductions  and  final  results  based  on  the  previous 
tables  are  given  in  Tables  5  to  11,  inclusive. 

Table  No.  5  presents  the  net  area  of  the  bare  pipe ;  the  net 
condensation  per  hour  for  the  6-hour  periods  of  normal  condi- 
tions ;  and  the  number  of  heat  units  lost  per  degree  difference  of 
temperature  per  square  foot  of  surface  of  bare  pipe  per  hour;  the 
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latter  being  computed  in  the  manner  pointed  out  in  paragraph 
33.  This  table  gives  the  deductions  as  to  heat  unit  loss  for  the 
various  coverings  on  all  the  tests,  whether  they  were  applied  to 
one  pipe  or  another. 

Table  No.  6  presents  the  final  detluctions  fi-om  the  whole  num- 
ber of  tests  as  to  the  loss  of  heat  per  hour  with  the  different  classes 
of  covering,  expressed  for  one  degree  diffei-ence  of  temperature 
between  the  steam  and  the  air  and  one  square  foot  of  outside 
surface  of  the  pipe.     In  the  case  of  the  low-pressure  coverings, 
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these  are  the  figures  deduced  from  the  results  of  the  tests  on  Pipes 
2,  3,  4,  and  5,  which  apply  to  the  long  period  of  continued  ser- 
vice. Those  deduced  from  the  short  runs  of  the  various  cover- 
ings applied  to  Pipe  No.  1  (with  the  exception  of  Carey's  Moulded, 
which  is  inconclusive  for  the  reasons  elsewhere  stated),  ai'e  so  close 
to  those  obtained  on  the  long  runs  as  to  be  simply  confirmatory 
of  the  figures  selected.  For  the  same  reasons,  the  final  deduc- 
tions regarding  Magnesia  and  Asbestos  Navy  Brand  are  those 
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found  on  the  long  runs  with  the  coverings  applied  to  Pipes  Nos. 
7  and  10  of  the  150-pound  section. 

Table  No.  7  gives  the  weight  and  cost  of  coal  required  to 
supply  steam  sufficient  to  maintain  the  pressure  in  a  plant  where 
the  surface  of  the  pipe  has  an  area  of  10,000  square  feet,  assuming 
a  continuous  run  of  one  j'ear  of  305  days,  24  hours  per  day,  the 
coal  being  what  is  termed  "  standard  "  coal  in  the  Code  of  Rules 
of  the  A.  S.  M.  E.  Boiler  Test  Committee,  1899,  which  supplies 
10,000  heat  units  per  pound  to  the  boiler,  the  cost  of  the  coal 
being  taken  at  $4  per  ton  of  2,240  pounds.     This  table  also  gives 
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the  relative  cost  of  the  coal  required,  and,  at  the  same  time,  the 
relative  loss  of  heat  from  the  various  coverings  expressed  in  per- 
centage, the  one  showing  the  least  cost  in  each  class  being  taken 
at  100.  This  table  is  based  on  the  heat  units  referred  to  in  Table 
No.  6,  and  it  is  assumed  that  the  pressure  of  the  steam  on  the  low- 
pressure  section  is  80  pounds  per  square  inch,  and  on  the  high- 
pressure  section  150  pounds  per  square  incii,  the  temperature  of 
the  surrounding  air  being  CO  degrees. 
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Table  No.  8  presents  what  may  be  termed  the  relative  com- 
mercial value  of  the  coverings,  deduced  from  Tables  Nos.  3  and  7, 
being  in  each  case  the  cost  of  the  covering  at  the  end  of  five  years' 
continuous  use,  embracing  the  first  cost  of  the  covering  ;  the  cost 
of  coal  required  for  the  entire  period ;  and  the  interest  charges  on 
the  entire  investment  at  5  per  cent.,  compounded  annuallj\  This 
table  also  gives  the  relative  costs  in  each  class  expressed  in  per- 
centage, the  lowest  being  taken  at  100. 

Table  No.  9  gives  the  eflBciencies  of  the  various  coverings  re- 
ferred to  the  heat  radiated  from  bare  pipes,  these  being  expressed 
in  percentage.     The  figures  given  are  computed  by  subtracting 


TESTS   OF    STEAM    PIPE    COVERINGS. 


821 


the  heat  lost  per  degree  difference  of  temperature  per  square  foot 
of  surface  per  hour  pertaining  to  the  covered  pipe,  from  that  per- 
taining to  the  bare  pipe  in  the  same  class,  as  given  in  table  No.  6, 
and  finding  the  percentage  which  the  diffei'ence  bears  to  the  heat 
radiated  from  the  uncovered  pipe. 

Table   No.    10   presents  a  comparison    between  the  losses   in 
heat  units  from  the  same  coverings  applied  to   the  2- inch  and 
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10-inch  pipes  at  150  pounds  pressure.  These  losses  are  based  not 
on  the  surface  of  the  bare  pipe,  as  given  in  the  previous  tables, 
but  on  the  outside  surface  of  the  covering  for  each  size  of  pipe. 

Table  No.  11  presents  a  comparison  of  the  efficiencies  of  some 
of  the  coverings  applied  to  the  150-pound  section,  not  only  at  150 
pounds  pressure,  but  also  at  80  pounds  pressure ;  these  being  the 
same  as  the  efficiencies  given  in  table  No.  9,  but  arranged  in 
parallel  columns. 
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IX. — CONCLUSIONS. 

38.  The  data  and  results  of  the  tests  arc  given  in  such  detail 
that  any  interested  reader  can  draw  his  own  conclusions.  Those 
of  the  writer  may  be  summed  np  as  follows : 

39.  First.  It  has  long  been  known  that  the  most  efficient  cover- 
ing, as  regards  merely  the  non-conducting  properties,  is  hair  felt ; 
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and  it  is  not  surprising  that  the  best  result  obtained  on  these  tests 
is  that  of  a  covering  which  very  closely  resembles  hair  felt  in  its 
physical  characteristics.  This  is  "  Asbesto-Sponge  Hair  Felt," 
so-called.  The  reason  for  the  superiority  of  hair  felt,  which  is 
commonlj'^  accepted,  is  the  fact  that  this  covering  divides  up  and 
entraps  the  air  which  it  contains  in  a  better  manner  than  any 
other  material  commonly  used,  and  it  is  the  non-conducting  prop- 
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erties  of  confined  air  upon  which  the  efficiency  of  the  covering 
depends,  quite  as  much  as  upon  the  material  of  which  it  is  com- 
posed. Hair  felt  is  not  a  satisfactory  covering,  Jiowever,  on 
account  of  its  want  of  durabilitJ^  The  mixture  of  hair  felt  and 
asbesto-sponge  used  on  the  tests,  does  not  seem  to  possess  this  ob- 
jectionable feature,  owing  to  the  fact  that  so  large  a  proportion 
of  the  material  (more  than  three-quarters)  is  asbestos  fibre,  which 
is  indestructible.  The  writer  has  seen  some  of  this  covering  which 
had  been  in  use  four  years  on  a  pipe  containing  150  pounds 
steam  pressure,  and  no  evidence  of  objectionable  charring  or 
other  deterioration  was  visible.  The  next  highest  efficiency 
shown  on  the  tests  is  that  obtained  with  asbesto-sponge  felt,  59 
laminations,  and  the  same  reason  for  the  superior  result  applies 
in  this  case  as  in  that  just  referred  to,  that  is,  that  the  arrange- 
ment of  the  covering  in  thin  sheets  placed  concentrically  about 
the  pipe  is  a  superior  method  of  securing  an  efficient  distribution 
of  the  confined  air  held  bj'  the  covering.  This  is  further  exem- 
plified in  the  effect  produced  by  increasing  the  number  of  la3'ers 
of  air  with  practically  the  same  thickness  of  material,  as  may  be 
seen  by  a  comparison  of  the  results  obtained  with  tliis  covering, 
first,  with  48  laminations,  or  thicknesses  of  material,  and  then 
with  59  laminations,  applied  to  2-inch  pipes.  The  difference  in 
the  radiation  in  these  two  cases  is  about  8  per  cent.  Although 
tliis  difference  is  in  a  small  degree  accounted  for  by  a  slight  differ- 
ence in  the  thickness  of  the  two  coverings  (that  with  59  lamin- 
ations being  1^  inches,  and  that  with  48  laminations,  1  inch),  the 
increased  efficiency  of  the  greater  number  of  laminations  is  still 
far  beyond  that  due  to  difference  of  thickness.  The  effect  of 
the  presence  of  sponge  distributed  throughout  the  sheets  of  asbes- 
tos, of  which  the  laminations  are  composed,  no  doubt  contributes 
some  share  to  the  efficient  entrajiment  of  air  beyond  that  pro- 
duced by  the  mere  use  of  thin  concentric  sheets  laid  one  upon  the 
other. 

40.  Second.  It  appears  that  in  the  so-called  "  Air  Cell  "  coverings, 
which  were  tried  on  the  low-pressure  pipes,  the  one  which  gives 
the  highest  efficiency,  viz.,  Asbestocel,  is  a  covering  in  which  the 
corrugations  which  form  the  air  cells  extended  circumferentially 
around  the  pipe.  In  the  other  coverings,  the  corrugations  form- 
ing the  air  cells  extended  lengthwise  of  the  pipe.  It  is  evident 
that  the  circumferential  arrangement  is  the  better  means  of  con- 
fining the  enclosed  air  and  preventing  circulation  of  the  same. 
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41.  Third.  There  is  a  marked  difference  in  the  efficiency  of  cov- 
erings, depending  upon  the  size  of  the  pipe.  Referring  to  Table 
No.  9,  it  appears  that  all  the  coverings  on  the  10-inch  pipes  were 
more  efficient  than  the  coverings  on  the  2-inch  pipes  at  the  same 
pressure.  The  efficiency  of  the  Navy  Brand  was  82  per  cent,  on 
the  2-inch  pipe  and  88  per  cent,  on  the  10-inch  ;  that  of  the  Mag- 
nesia, 84.2  per  cent,  on  the  2-inch  pipe  and  89  per  cent,  on  the 
10-inch  ;  and  that  of  the  Asbesto-Sponge  Felt,  85.4  per  cent,  on 
the  2-inch  pipe,  and  90.5  per  cent,  on  the  10-inch.  There  is  some 
difference  in  thickness,  which  accounts  for  part  of  this  difference  ; 
but  taking  the  case  of  the  Asbesto-Sponge  Felt.  60  laminations  on 
the  10-incli  pipe,  and  59  laminations  on  the  2-inch  pipe,  these 
thicknesses  were  very  nearly  the  same,  but  still  there  is  a  differ- 
erence  of  about  5  per  cent,  in  the  efficiency.  The  conclusion  to 
be  drawn  from  tiiese  facts  is  that  to  obtain  the  same  efficiencv, 
disregarding  questions  of  cost,  the  smaller  pipes  should  be  covered 
with  a  greater  thickness  of  material  than  the  larger  pipes.  This 
conclusion  is  at  variance  with  the  existing  practice  of  covering 
manufacturers,  which  seems  to  be  to  increase  the  thickness  of  the 
covering  for  larger  pipes  rather  than  to  diminish  it. 

42.  It  would  seem  at  first  sight  that  a  given  thickness  of  covering 
applied  to  a  pipe  should  save  the  same  relative  amount  of  conden- 
sation, whether  the  pipe  be  small  or  large,  being  proportional 
simply  to  the  extent  of  the  outside  surface  of  the  bare  pipe ;  but, 
on  second  tliought,  it  will  be  seen  that  the  loss  of  heat  is  due  solely 
to  the  radiation  w^hich  occurs  from  the  outside  of  the  covering, 
whatever  actions  may  be  going  on  within  the  covering  and  be- 
tween it  and  the  surface  of  the  pipe.  If  the  temperature  of  the 
outside  of  the  covering  is  the  same  on  one  pipe  as  on  another  (and 
this  equality  of  temperature  would  be  expected  if  the  thickness  of 
the  material  were  the  same,  and  the  outside  surfaces  were  of  the 
same  character  in  the  two  cases),  the  radiation  would  be  propor- 
tional to  the  extent  of  the  outside  surface  of  the  covering  what- 
ever the  size  of  the  pipe.  The  outside  surface  of  the  covering, 
with  a  given  thickness  of  material,  is  much  greater  in  proportion 
to  the  outside  surface  of  the  pipe  when  the  pipe  is  of  small  diam- 
eter, than  when  it  is  of  large  diameter;  and,  consequently,  the 
relative  amount  of  radiation  prevented  by  tiie  covering,  or  effi- 
ciency, decreases  as  the  diameter  of  the  pipe  diminishes.  Refer- 
ring to  Table  No.  10,  it  appears  that  the  radiation  of  heat  from  the 
coverings  based  on  the  area  of  outside  surface  of  the  covering,  that 
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is,  the  number  of  heat  units  lost  per  degree  difference  of  tempera- 
ture per  square  foot  of  outside  surface  per  hour,  is  very  nearly  the 
same  for  tlie  10-inch  pipes  as  for  the  2-inch  pipes ;  thus  showing 
that  the  ai'ea  of  outside  surface  of  the  covering  is  the  controlling 
factor  in  this  matter  rather  than  the  outside  surface  of  the  bare 
pipe. 

43.  Fourth.  The  various  coverings  tested,  as  already  explained, 
were  not  all  of  the  same  thickness.  Of  the  low  pressure  2-inch 
coverings,  Asbestocel  and  Gast's  Air  Cell  were  slightly  below  the 
thickness  of  the  other  coverings.  Of  the  2-inch  high-pressure 
coverings,  the  Asbesto-Sponge  Felt,  48  laminations,  and  the  Mag- 
nesia, were  also  slighth'  thinner  than  the  others.  Of  the  10-inch 
coverings,  Navy  Brand  was  thicker  and  "Watson's  Imperial 
thinner  than  the  Asbesto-Sponge  Felt,  66  laminations,  and 
Magnesia.  The  tests  on  the  10-inch  pipes  with  the  two  thick- 
nesses of  Asbesto-Sponge  Felt,  furnished  data  for  a  rough 
determination  of  the  effect  of  thickness  alone  on  the  efficiency. 
The  number  of  heat  units  lost  by  radiation,  according  to  the  tests 
on  these  coverings,  is  inversely  proportional  to  the  thickness  of 
the  covering  raised  to  the  |th  power.  Applying  a  correction  to 
all  the  results  based  on  this  showing,  thereby  reducing  the  results 
to  the  equivalent  for  1-inch  thickness,  we  maj^  form  some  approxi- 
mate conclusion  as  to  the  relative  efficiencies,  which  would  be 
obtained  if  the  thickness  was  the  same  in  all  cases.  Table  13  gives 
the  deductions  for  the  equivalent  of  1-inch  thickness  worked  out 
by  this  rule.  They  are  the  figures  given  in  Table  No.  6,  mul- 
tiplied in  each  case  by  the  thickness  of  the  covering  in  inches 
before  application  raised  to  the  gth  power. 

44.  Fifth.  As  regards  the  relative  efficiencies  of  the  high- 
pi'essure  coverings  and  the  low-pressure  coverings,  it  appears  from 
Table  No.  9  that  there  is  a  marked  difference  throughout  in 
favor  of  the  high-pressure  coverings.  The  average  efficiency  of 
the  low-pressure  coverings  tried  was  75.2  per  cent.,  and  of  the 
high-pressure  coverings,  84.6  per  cent.  The  average  efficiency  of 
the  high-pressure  coverings,  as  appears  in  Table  No.  11,  when 
subjected  to  the  same  pressure,  namely,  80  pounds,  as  that  of  the 
low-pressure  coverings,  is  only  a  trifle  less,  being  84  per  cent. 
The  average  cost  of  the  high-pressure  coverings  at  the  end  of  five 
years'  service,  when  subjected  to  a  pi-essure  of  80  pounds,  taken 
on  the  same  basis  as  the  cost  given  in  Table  No.  8,  is  $14,693. 
The  average  cost  of  the  low-pressure  coverings  at  the  end  of  five 
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years'  service,  as  given  in  Table  No.  8,  is  $18.52.5.  It  would 
appear,  therefore,  that  as  a  matter  of  commercial  economy,  the 
low-pressure  coverings,  so-called,  are  not  so  well  adapted  to  their 
purpose  even  on  low-pressure  pipes,  as  the  high-pressure  coverings 
on  the  same  pipes ;  and  the  general  conclusion  justified  by  this 
comparison  is  that  althougli  a  covering  may  be  expensive  in  first 
cost,  as  most  of  the  high-pressure  coverings  are  compared  with 
the  low-pressure  coverings  (the  first  cost  being  nearly  70  per  cent, 
more),  the  efficiency  is  so  much  greater  and  the  corresponding 
cost  of  fuel  required  so  much  less  (over  one-third),  that  as  a  matter 
of  investment,  the  high-pressure  coverings  are  well  worth  their 
extra  cost. 

45.  Sixth.  The  observations  of  the  surface  temperature  of  the 
coverings  taken  in  connection  with  the  results  of  the  condensation 
tests,  are  interesting  in  showing  that  little  value  can  be  placed 
upon  comparative  indications  of  surface  temperature  as  a  measure 
of  their  relative  efficiency.  For  example,  in  the  high-pressure 
section,  2-inch  pipes,  the  most  efiicient  result  in  the  prevention  of 
condensation  was  secured  b}'^  Asbesto-Sponge  Hair  Felt,  3  ply, 
and  it  would  appear  from  this  that  the  surface  temperature  of  the 
covering  ought  to  be  relatively  low.  As  a  matter  of  fact,  the 
surface  temperature  on  this  covering  was  higher  than  on  either 
the  Asbesto-Sponge  Felt,  59  laminations,  or  the  Magnesia  applied 
to  either  of  the  two  pipes,  being  an  average  of  203  on  the 
Asbesto-Sponge  Hair  Felt,  and  from  195.3  to  196.9  on  the  otiier 
coverings  mentioned.  Likewise,  the  condensation  tests  showed 
that  tlie  Asbesto-Sponge  Felt  on  Pipe  No.  6  was  more  efficient  as 
a  non-conductor  than  Magnesia,  apjjlied  to  No.  7  pipe,  and  yet  the 
surface  temperatures  of  the  coverings  were  exactly  the  same, 
being  196.9  in  both  cases.  Again,  in  the  case  of  the  Asbesto- 
Sponge  Felt  covering  on  No.  12  pipe,  the  radiation  from  tliat 
covering  condensed  10.84  pounds  of  steam  per  square  foot  of 
surface  per  hour,  as  against  14.34  pounds  in  the  case  of  Navy 
Brand  on  Pipe  No.  11,  the  former  being  25  per  cent,  less  than  the 
latter.  Although  there  was  this  marked  difference  in  the  actual 
amount  of  radiation,  the  surface  temperature  of  the  coverings 
showed  but  a  slight  difference,  being  211  degrees  in  the  case  of 
the  Asbesto-Sponge  Felt  and  224  degrees  in  the  case  of  the  Navy 
Brand. 

46.  Seventh.  The  tables  giving  the  relative  efficiencies  of  the 
various  coverings  expressed  in  cost  of  coal  required  to  supply  the 
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loss  by  radiation,  and  the  total  cost  of  the  coverings  at  the  end  of 
the  five-3'ear  period  of  service,  speak  for  themselves.  It  is  evident 
that  the  Asbesto-Sponge  Hair  Felt  and  Sponge  Felt  occupy  the 
leading  place  on  both  sizes  of  pipes,  which  ever  basis  of  comparison 
is  used. 

47.  Eighth.  In  the  matter  of  dumbility  of  the  coverings,  the 
test  were  not  of  sufficient  lengtli,  and  they  were  not  made  under 
the  necessary  conditions,  to  demonstrate  this  point.  Actual  services 
for  a  long  period  of  time  is  the  kind  of  test  that  would  be  required. 
Judging  from  the  appearance  of  the  coverings  Avhen  they  were 
removed  none  of  them  were  lacking  in  respect  to  durability',  and, 
if  I  mistake  not,  they  have  all  been  proved  in  actual  service  to  be 
sufficiently  durable  to  answer  ordinary  commercial  requirements. 

Between  the  moulded  form  of  coverings  and  tlie  fibrous 
coverings  there  are  some  notable  points  of  difference  which  bear 
upon  this  question.  The  moulded  coverings,  as  a  class,  contain  a 
largo  proportion  of  material  which  in  its  natural  state  is  a  powder. 
This  material,  under  the  wear  and  tear  due  to  vibration  <>f  pipes, 
blows,  wear  from  persons  walking  on  the  coverings,  or  abrasions 
from  other  causes,  has  a  constant  tendency  to  resume  its  natural 
powdered  state.  To  bind  it  firmly  together,  and  so  far  as  possible 
remove  this  tendency,  asbestos  fibre  is  mixed  with  the  powder  in 
suitable  quantity  to  secure  the  degree  of  permanence  desired. 
The  fibres  of  asbestos  are  interwoven  one  with  another,  and  they 
provide  the  tenacity  required  to  prevent  in  a  measure  the  disin- 
tegration of  the  otherwise  granular  mass.  It  is  evident  that  the 
larger  the  ])roportion  of  fibre  the  less  the  tendency  to  disintegrate, 
and  when  the  material  is  composed  entirely  of  asbestos  the  best 
obtainable  result  as  to  permanence  should  be  secured.  In  the 
construction  of  asbestos  felted  coverings  and  of  otliers  composed 
of  asbestos  paper,  or  sheets,  the  asbestos  fibre  predominates  to  a 
very  large  degree.  These  coverings  must,  therefore,  take  the 
lead  over  moulded  coverings  in  the  matter  of  permanence  of  struc- 
ture. Especially  is  this  true  of  Asbesto-Sponge  Felted  covering. 
Being  composed  simply  of  thin  felted  sheets  laid  one  upon  the 
other,  this  covering  is  compact  and  uniform  in  structure,  and  at 
the  same  time  tough  and  pliable,  and  no  kind  of  rough  usage  to 
which  coverings  are  commonly  subjected  will  cause  its  deterioration. 

As  to  the  durability  of  asbestos  itself  there  is  no  question.  It 
is  almost  indestructible  either  under  the  action  of  extremely  high 
temperatures  or  under  the  action  of  steam,  moisture,  or  water. 
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TABLE  NO.  1. 
Dimensions  op  Pipes. 


Feet.* 

Feel.t 

Feet. 

Sqaaie  fe^ 

100.81 

99.54 

Mi 

66.5 

100.51 

99.87 

.627 

65.57 

100.67 

100.00 

.631 

6o.05 

100.69 

100.02 

.628 

65.77 

100.58 

99.91 

.629 

65.61 

100.60 

99.93 

.628 

67.04 

100.57 

99.90 

.627 

65.59 

101.28 

100.61 

.628 

66.14 

101.60 

100.93 

.628 

66.34 

100.66 

99.99 

.628 

65.75 

35.583 

34.671 

2.821 

109.78 

35..330 

34.418 

2.821 

109.07 

*  For  10-inch  pipes  end  of  cap  to  end  of  flange. 

+  Exclasive  of  center  flange. 

+  incloding  also  flanges  and  supplies  for  the  10-iucli  pipe^. 

§  Including  couplings  on  2-inch,  but  escludiu;^  center  flanges  on  10-inch  pipes. 


T.^BLE    NO.  2. 
Data    Re«akping  Covering. 


Square  feel. 


Name  of  Coverin 


SO-p&und  Section,  2-iiic/i  Pipes,  Inches. 

New  York  air  cell  1  1 

Gast's  air  cell 2  {J 

Carey's  moulded 3  1 

Asbesto-sponge  moulded 4  1 

Asbestocel 5  j 

IbO'pound  Section,  2-inck  Pipes. 

Asbesto-sponge  felt,  69  lam — . 6  H 

Magnesia 7  1 

Asbeeto-spongt!  felt,  48  lam 8  1 

Asbesto-sponge    hair    felt,   8-ply, 

corrugHted .    8  IJ 

Asbesto-sponge    hair     felt,    3  ply, 

plain 9  U 

Asbestos  Navy  Brand 10  U 

\50-pound  Section,  W-inck  Pipes. 

Watson's  Imperial 11  1 

Asbestos  Navy  Brand 11  1| 

Magnesia 13  Ite 

Asbesto-sponge  felt,  76  lam 12  U 

"  ■•         "    66    "    12  1^ 

Note. -In  all    except  moulded    covering 
according  as  the  layers  are  loose  or  tightly  c 


Inches. 

Inches. 

14.38 

1.09 

13.92 

1.03 

14.10 

1.04 

14.53 

1..1 

14.00 

1.02 

41.03 
43.67 
42  50 
44.1 


Pounds.  Square  feet. 
3.22  119.25 

3.77  115.85 

5.77  117.50 

7.25  1-31. 12 

5.10  116.59 


6.M  126.61 

3.17  119.08 

6.00  123.85 

4.32  126.47 

5.54  128.08 


30.48  118.47 

13.60  1-26.17 

17.88  121.91 

28.55  126.49 

24.47  123.59 


he  increased  thickness  before  applying  varies 
pressed. 
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TABLE  No.  3. 
Cost  of  Covering. 


Name  op  Covering. 


e-- 


2-inch  Pipes.  Cents. 

New  York  air  cell 12.32 

Gast's  air  cell 10.56 

Carey's  moulded 8.64 

Aebesto-sponge  moulded 8.64 

Asbestocel 9.60 

Asbesto-sponge  felt,  59  lam 19.30 

Magnesia 21.12 

Asbesto-sponge  felt,  48  lam 19.20 

**  "       hair  felt,  2-ply,  corrugated 15.11 

"  "  "       "   3-ply,plain 18.89 

Asbestos,  Navy  brand 18.24 

10-inch  Pipes. 

Watson's  Imperial 36.00 

Magnesia 66.00 

Asbestos,  Navy  brand 62.70 

Asbesto-sponge  felt,  76  lam 73.30 

661am 54.00 


16.32 

2,599 

14.56 

2,319 

13.64 

2.013 

12.64 

2,013 

13.60 

2,166 

23.20 

3,694 

25.12 

4,000 

33.30 

3,694 

20.11 

3,'302 

23.89 

3,804 

33.24 

3,541 

41.00 

1.453 

71.00 

2,517 

67.70 

2,400 

78.30 

2,776 
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TABLE  No.  4. 


Summary   op  Average  Differences  op  Temperature  and  Hourly  Condensations  for 
ALL  THE  Tests. 


Name  op  Covering. 


90-pound  Section  Z-inch  Pipes.  Pine 

1.  Asbestocel 5 

2.  Carey  and  sponge  felt 1 

3.  Asbestocel 1 

4.  New  York  air  cell 1 

5.  Asbesto-sponge  monlded 1 

6.  Carey's  moulded 3 

7.  Asbeeto-sponge  moulded 4 

8.  Gast's  air  cell. 1 

9.  "      "    "    2 

iSO-pound  Section,  i-inch  Pipes. 

10.  Asbesto-sponge  hair  felt,  3-ply 9 

11.  '*           *'         "        **    2-ply,  corrugated. . .  8 

12.  "           *'       felt,  59  laminations 6 

13.  *'           *'         "     59  laminations 8 

14.  Magnesia 8 

15.  Aebegto-sponge,  48  laminations 8 

16.  Magnesia 7 

17.  Magnesia 6 

18.  Asbestos  Navy  brand 6 

19. 10 

20.  Asbesto-sponge  hair  felt,  2-ply 9 

KOpound  Section,  lO-incA  Pipes. 

21.  Asbesto-sponge  felt,  76  laminations 12 

22.  "           *•         "     66  laminations 12 

23.  Magnesia  12 

24.  Asbestos  Navy  brand 11 

25.  Watson's  imperial,  1  inch 11 

Bare  Pipes. 

^6.  2-inch  pipes,  80  pounds  pressure 1-S 

*~7.  2-inch  pipes,  150  pounds  pressure 6-10 

28.  10-inch  pipes,  150  pounds  pressure 11-12 

2-ineh  Pipes,  150-pound  Section,  at  80  pounds 
Pressure. 

29.  Asbesto-sponge  hair  felt.  3-ply,  plain 9 

30.  "           "       felt,  59  laminations 6 

31.  "           "       hair  felt,  2-ply,  corrugated..  8 

32.  Magnesia 7 

33.  Asbestos  Navy  brand 10 

W-inch  Pipes,  iSO-pound  Section,  at  (fS  pounds 
Pressure. 

34.  Asbesto-sponge  felt,  76  laminations 12 

35.  Watson's  imperial,  1  inch 11 


No.  of 

Gross 

Tests. 

Degs. 

Degs. 

pounds. 

20 

263.0 

5.1 

13.77 

4 

887.1 

5.1 

14.17 

3 

261.7 

6.6 

14.00 

5 

256. 6 

4.4 

13.93 

2 

263.2 

5.0 

14.41 

25 

261 .9 

5.2 

14.53 

25 

261.9 

5.2 

14.65 

1 

2.59.6 

5.3 

14.92 

21 

262.6 

5.0 

14.93 

8 

303.5 

5.9 

10.58 

3 

304.9 

6.5 

11.22 

7 

301.1 

6.2 

11.36 

6 

301.0 

8.0 

11.10 

6 

.302.3 

5.4 

11.87 

2 

294.0 

3.8 

11.71 

24 

300.6 

6.2 

11.86 

5 

300.9 

8.0 

12.35 

3 

294.4 

3.5 

13.53 

24 

300.6 

6.2 

13.58 

2 

302.3 

9.4 

14.71 

7 

302.0 

6.2 

10.84 

3 

315.0 

4.8 

18.15 

3 

299.2 

7  2 

13.19 

6 

298.4 

6.0 

14.34 

5 

303.0 

6.3 

15.92 

1  ea. 

213.2 

3.6 

59.50 

1  ea. 

305.2 

6.7 

74.81 

2  ea. 

295.4 

3.9 

109.39 

1 

270.3 

6.8 

8.90 

1 

270.3 

6.8 

9.40 

1 

870.3 

6.8 

9.40 

1 

270.3 

6.8 

10.00 

1 

270.3 

6.8 

11.20 

1 

268.7 

6.8 

8.70 

t 

268.7 

6.8 

13.80 
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TABLE  No.  5. 
Summary  of  Net  Condensatioks  and  Deductions. 


Name  of  Cover 


SO-pound  Section^  24nch  Pi2)es. 

1.  Asbeetocel 

2.  Cjirey  and  sponge  felt 

3.  Asbestocf  1 

4.  New  York  air  cell 

5.  Aebesto-ppoiijre  monlded 

6.  Carey's  Monlded -. 

7.  Asbesto- sponge  moulded 

8.  Gast'6  air  cell 

9.  "      "    "    

150-pound  Section,  2inch  Pipes. 

10.  Asbesto-sponge  hair  felt,  3-ply 

11.  "  '*         "       •*    2-ply,  corugated... 

12.  "  **        felt,  59  laminatione 

13.  "  "         "      59  laminations 

14.  Magnesia 

15.  Asbesto-sponge  felt,  48  laminations 

16.  Magnesia 

17.  Magnesia 

18.  Asbestos  Navy  brand 

19.  '■  "         '*       

20.  Asbesto-sponge  Hair-felt,  2-ply 

160-pound  Section,  10-inch  Piped. 

21.  Asbesto-sponge  felt,  76  laminations 

22.  "  "         "      66  laminaiions 

23.  Magnesia     

24.  Asbestos  Navy  brand 

25.  M'alson's  Imperial,  1  inch 

Bare  Pipes. 

26.  2-iuch  pipes,  80  pounds  pressure 

27.  2-inch  pipes,  150  pounds  pressure , 

28.  10-inch  pipes,  150  pounds  pressure 

2-inch  Pipes,  150-pound  Section,  at  QO pounds 
Pressure. 

29.  Aabesto-sponge  hair  felt,  3-ply,  plain 

30.  "  "        felt,  59  lammutions 

31.  "  "       hair  felt,  2-ply,  corrugated... 

32.  Magnesia 

33.  Asbestos  Navy  brand 

lO-inch  Pipes,  150-pound  Section,  at  80  pounds 
Pressure. 

34.  Asbesto-sponge  felt,  76  laminations 

35.  Watson's  Imperial.  1  inch 


Nn.o 

r    No.  of 

£5 

r.-BaS. 

B  D.SJ 

Hipe 

Tests. 

Sq.  ft. 

Pounds. 

BT.i: 

5 

80 

63.68 

13.47 

.738 

1 

4 

63.24 

13.63 

.730 

I 

3 

63.24 

13.50 

.739 

1 

5 

63.24 

13.43 

.750 

1 

2 

63.24 

13.91 

.757 

H 

25 

M.12 

14.23 

.768 

4 

85 

63.84 

14.35 

.778 

2 

21 

63.64 

14.63 

.793 

1 

1 

63.24 

14.43 

.796 

9 

8 

64.41 

10.22 

.463 

K 

3 

64.21 

10.86 

.490 

B 

7 

63.78 

10  76 

.490 

K 

6 

64.21 

10.74 

.491 

H 

6 

61.21 

11.51 

.524 

H 

2 

64.21 

11.35 

.531 

7 

24 

63.66 

11.50 

.531 

ti 

5 

63.78 

11.75 

.541 

10 

24 

63.82 

13.16 

.606 

H 

3 

63.78 

12.93 

.608 

9 

- 

&4.41 

14.35 

.651 

12 

. 

97.1 

9.29 

.280 

12 

3 

97.1 

10.60 

.300 

12 

3 

97.1 

11.64 

.354 

11 

6 

97.81 

12.79 

.387 

11 

5 

97.81 

14.37 

.438 

1- 

5        1  ea. 

03.7 

59.16 

3.081 

6- 

!0       1  ea. 

63.98 

74.40 

3.330 

11- 

13       2  ea. 

100.45 

107.84 

3.320 

64.21 

9.(M 

63.66 

9.64 

63.83 

10.84 
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TABLE  No.  6. 
FiNAi  Deductions. 

HEAT    PER     DEGREE    DIFFERENCE    OF    TEMPERATURE    BETWEEN    STEAM    AND    AIR,    PER 
SQUARE   FOOT  OF   PIPE  SURFACE   PER   HOUR. 

British  thermal  unite 
Name  of  Covering.  lost  per  degree   per 

sqaare  foot  per  hour 
80-po«n(i  Section,  S-inch  Pipes. 

Asbestocel 728 

New  York  air  ceil 750 

Carey"s  moulded 768 

Asbe'sto-sponge  moulded 778 

Gast"s  air  cell 793 

loO'Pound  Section,  2-i7ich  Pipes. 

Asbesto-sponge  hair  felt,  3-ply,  plain 462 

"     S-ply,  corrugated 490 

''        felt,  59  laminations 490 

48  ■■  531 

Magnesia 531 

Asbestos,  Navy  brand 606 

150-pound  Section,  W-inch  Pipes. 

Asbesto-spoDge  felt,  76  laminations 280 

6S  "  306 

Magnesia ,354 

Asbestos,  Navy  brand 387 

Watson's  imperial,  1  inch  thick 428 

Bare  Pipes. 

2inch  pipes,  80  pounds  pressure 3.081 

2-incli  pipes,  150  pounds  pressure 3.366 

10-inch  pipes,  150  pounds  pressure 3.220 


GUMPTION  FOR   10,000  Square   Feet   of   Surface  Heated  305  Days  Per  Teak, 
24  Hours  Per  Dav. 


Name  of  Coverin 


SO'po'/nrf  .Section,  2-inch  Pipes. 


Coal  of  10,000 

B.  T.  U 

heat  value 

per  year. 

Tons. 

....     750.5 


1.  Asbestocel 

2.  New  York  air  cell _ 

3.  Carey's  moulded 791.8 

4.  .\sbesto-sponge  moulded .'.'.'.'.'     802.0 

5.  Cast's  air  cell 817.5 

150-ywwftd  Section,  i-inch  Pipes. 

6.  Asbesto-sponge  hair  felt,  3-ply,  plain 558.0 

7.  "  '•         "     felt,  8-ply  corrugated 585.5 

8.  "  "       fell,  59  laminations 585.5 

9.  "  "         '•     48  laminations 6.34.5 

10.  Magnesia 6-34.5 

11.  Asbestos  XaN-y  brnnd 724.2 

ISO-pound  Section,  Winch  Pipes. 

12.  Asbesto-sponge  felt,  76  laminations  334.5 

13.  "  "  "68  "  365.7 

14.  Magnesia 423.0 

15.  Asbestos  Navy  brand 462.5 

16.  Watson's  imperial,  1  inch  thick 511.5 

Pare  Pipes. 

17.  2-inch  pipes,  80  pounds  pressure 3,176.5 

18.  2-inch  pipes,  150  pounds  pressure 4,022.3 

19.  10  inch  pipes.  150  pounds  pressure 3,848.0 

53 


Cost  of  Coal 

at  $i  per  ton 

of  2.240 

pounds. 

Dollars. 

3.002 
3.093 
3,167 
3.208 
3,270 


Relative  coal 
consumption, 
lowest  being 
100  per  cent. 
,       Per  Cent. 

100.0 
103.1 
105.6 
106.9 
109.0 


2,342 
2,.5:j8 
2,.5.38 
2,897 

106.1 
114.9 
114.9 
131.2 

],.338 
1,463 
1,692 
1.850 
2,046 

100.0 
109.3 
126.5 
138.3 
152.9 

12,706 
16,089 
15,592 
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TABLE  No.  8. 

FiTE-TEAR  Cost  of  Coverings,  including  Coal  Consumption,  foe  10,000  Square  Feet  op 
Surface. 

Cost  of  coverings  at  the  end 
of  5  years'  continuous  ser- 
vice, coal    for  each  year's 
supply  purchased  at  begiu- 
Namk  of  Covering.  ning  of  the  year,  interest  on 

entire  investment  taken  at 
5  per  cent,  and  compounded 
annually. 

80-pound  Section,  2-inch  Pipes.  Dollars.  Percentage. 

1.  Asbestocel 17,717  100.0 

2.  Carey's  moulded 18,351  103.4 

3.  Aebesto-sponge  moulded 18.556  104.7 

4.  New  York  air  cell 18.714  105.6 

6.  Gast's  air  cell 19.249  108.6 

150-ix>und  Section,  2-incfi  Pipes. 

6.  Asbesto-sponge  hair  felt,  2- ply,  corrugated 15,718  100.0 

7.  ••  "         "    felt,  3ply,  plain 15,795  10O.5 

8.  "  "       felt,  59  laminations 16,387  103.9 

9.  "  "         "    48  laminations 17,307  110.1 

10.  Magnesia 17,690  118.6 

11.  Asbestos  Navy  brand 18,9U  180.4 

MO-poniid  Section   10-inch  Pipes. 

1'2.  Asbesto-sponge  felt,  66  laminations 9,930  100.0 

13.         "           "         "    76  laminations 10,160  lO-J.S 

14   Magnesia 11,606  116.9 

15.  Watson's  imperial,  1-inch  thick 18,046  181.3 

16.  Asbestos  Navy  brand 18,250  183.4 


TABLE  No.  9. 
Efficiencies  of  Coverings,  Referred  to  Radiation  from  Barb  Pipes. 

Name  of  Covering. 

EfiSciency  referred  to 
SO-joound  Section,  2-inch  Pipes.                       bare  pipes,  per  cent. 

1.  Asbestocel 76.4 

2.  New  York  air  cell 75.7 

3.  Carey's  moulded ..  75.0 

4.  Asbesto-sponge  moulded 74.8 

5.  Gast's  air  cell 74.3 

1.50-;)0!m</  .Section,  '2-inch  Pipes. 

6.  Asbesto-sponge  hair  felt,  3-plv,  plain 86.3 

7.  "       "  "     "      8-ply,  corrugated 85.4 

S.  "       "        felt,  59  laminations 85.4 

9.  "        "  "48  "  84.2 

10.  Magnesia 84.2 

11.  Asbestos,  Navy  brand 88.0 

lhQ-i)0und  Section,  XO-inch  Pipes. 

12.  Asbesto-sponge  felt,  76  laminations 91 .3 

13.  '     66  "  90.5 

14.  Magnesia 89.0 

15.  .\sbestos.  navy  brand 88.0 

16.  Watson's  imperial,  1  inch  thick 8S.1 

'i-inch  Pipes,  150-pound  Section,  at  80  Pounds  Pressure. 

17.  Asbesto-sponge  hair  felt.  3-ply.  plain 85.4 

18.  "       "         felt.  59  laminations 85.0 

19.  '        "         hair  felt,  2-ply,  corrugated 84.7 

20.  Magnesia 83.6 

81.  Asbestos.  Navy  brand 81 .5 
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TABLE  No.  10. 


Comparison  or  2-inch  and  10-inch  Covebinqs  on  Basis  of  Loss  op  Heat  per  Square  Foot 
OP  Outside  Surface  op  Covering.    150  Pounds  Pressure. 


British  thermal  units  per  square  foot 
of  outside  surface  of  covering  per 
hour  per  degree  diflference  of  tem- 
perature between  steam  and  out- 


Size  of  pipe 

Asbesto-sponge  felt.  59  laminations,  2-inch,  66  lam.,  10- 
inch,  1.21  and  1.41 

Keasbey  &  Mattison's  magnesia,  1.08  and  1.3T 

Asbestos  fire  felt,  navy  brand,  1.16  and  1.56 


TABLE  No.  11. 

OF  ErriciENCT    op  Coverings   at  150  Pounds  and 
Same  Pipes. 


Pounds  Pressure  on 


Name  op  Covering. 

Asbesto-sponge  hair  felt,  3-ply.  plain 

"  "        felted,  59  laminations 

*'  "■       hair  felt,  2-ply,  corrugated. 

Keasby  &  Mattison's  Magnesia 

Asbestos  fire  felt,  Navy  brand  


Efficiency  referred  to  bare  pipes. 
At  150  pounds.       At  SO  pounds. 


86.3 

85.4 

K5.4 

85.0 

85.4 

84.7 

84.8 

83.5 

82.0 

81.5 

TABLE  No.  13 


Tests  with  and  without  Steam  in  Circulation. 


Date,  Octobers,  1901. 

Condition  of  Surface 

Duration hrs. 

Average  Steam  Pressure  , .     . .  lbs. 

Average  Temperature  of  Air...  degs. 

Total  Conden  sed lbs. 

Condensation  Per  Hour '* 

Date,  October  16,  UiOl. 

Condition  of  Surface 

Duration    hrs. 

.Average  Steam  Pressure lbs. 

Average  Temperature  of  Air.. .  degs. 

Total  Condensed lbs. 

,  Condensation  Per  Hoar *' 

D;]te,  October  17,1901. 

,  Condition  of  Surface 

,  Duratiou hrs. 

,  Average  Steam  Pressure lbs. 

.  Averaee  Temperature  of  Air. ..  degs. 

.  Total  CondeuBP'l lbs. 

.  Condensed  Per  Hour '* 

Steam  passed  through  per  hour,  298. 


Pipe  No.  I. 
Dead  Steam  in 

Steam.  Circulation. 


Pipe  No.  6. 
Dead  Steam  in 

Steam.  Circulation. 


Covered. 

Covered. 

Coverec 

2. 

4. 

2. 

81.3 

T9.7 

148  7 

61.4 

63.2 

6). 

2S.5 

55. 

25. 

14.35 

13.  "5 

13.5 

Covered. 

Covered. 

Covere( 

3. 

4. 

3. 

81.5 

80.6 

150.4 

61.5 

63.9 

63.7 

42.0 

55.0 

37.5 

14.0 

13.75 

12.5 

147.4 
65.1 
50.5 
12.62 
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SUPPLEMENTAET   TESTS. 


4S.  The  manufacturers  of  Watson's  Imperial  covering,  when 
notified  of  the  tests,  made  objections,  stating  that  the  covering 
of  their  make  used  on  the  10-inch  pipe  was  of  less  thickness  than 
they  recommended  for  high  pressure  work ;  and  at  their  request, 
the  writer  conducted  a  supplementary  test  on  No.  11  ])ipe,  using 
thicker  covering,  and  another  test  of  2-inch  Watson's  Imperial 
covering  applied  to  No.  7  pipe.  These  coverings  were  sent  from 
the  manufactory  especially  for  this  purpose. 

At  the  request,  also,  of  the  Nonpareil  Cork  Manufacturing  Co., 
Bridgeport,  Conn.,  samples  of  Nonpareil  cork  covering,  which  they 
sent  from  their  factor}^,  were  also  tested,  one  sample  being  applied 
to  the  No.  11  10-inch  pipe,  and  one  to  the  No.  7  2-inch  pipe.  In 
both  cases  these  tests  were  made  after  the  main  part  of  the  test 
apparatus  had  been  removed,  leaving  only  Nos.  C  and  7  pipes  and 
Nos.  11  and  12  pipes.  The  methods  of  conducting  these  tests  were 
m  substantial  accord  with  those  of  the  previous  tests,  excepting  as 
to  duration  and  including  the  heating  of  the  pipes  and  coverings 
from  the  beginning  of  the  run.  The  leading  data  and  results  of 
these  tests  are  given  in  Table  No.  14. 

The  thickness  of  the  Watson's  Imperial  2-inch  covering,  before 
application  to  the  pipe,  was  1  inch,  *  and  the  calculated  distance 
between  the  outside  of  the  covering  and  the  outside  of  the  jiipe 
after  application,  1.23  inches.  The  tliickness  of  the  Watson's 
Imperial  10-inch  covering,  before  application,  was  Ij  inches,*  and 
the  distance  from  the  outside  of  the  covering  to  the  outside  of  the 
pipe,  after  application,  1.46  inches.  Tiie  thicknesses  of  the  Non- 
pareil cork  covering  before  and  after  application,  for  the  2-inch 
size,  were  respectively  l|inches  and  1.15  inches,  and  those  for  the 
10-inch  size,  respectively,  IW  inches  and  1.41  inches. 

The  tests  were  made  under  approximately  150  pounds  pressure. 

*  See  footnote  o£  Table  No.  2. 
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TABLE  No.  13. 

Calculated  British  thermal  units 
■Wavf  op  rnvKRixo  P*^"^  degree  per  square  foot  per 

WAME  OF  uovERi>G.  jj^,^^^  assmiilng  a  thickness  of 

1  inch  iu  all  case». 
SO-pound  Section,  ^-inch  Pipes. 

Asbestocel 67 

New  York  air  cell ~5 

GasT's  air  cell 161 

Carey's  moulded 768 

Asbes  to -sponge  moulded 778 

\^-pou7id  Section^  2-inch  Pipes. 

Asbesto-epoDge  hair  felt,  3-ply,  plain 497 

"  *'       "■    2-ply,  corrugated 527 

**  felt,  59  laminations 527 

"    48  "  531 

Magnesia 531. 

Asbestos,  navy  brand 053 

l^-pound  Secfion,  \0-inch  Pipes. 

Asbesto-sponge  felt,  06  laminations 341 

-  "    76  '•  343 

Magnesia 394 

Watson's  imperial 438 

Asbestos,  navy  brand  — 472 


TABLE  No.  14. 

SUPPLEMENTAKY   TESTS    OF   WaTSON'S    IMPERIAL  AND    NoNPAREIL   CORK   COVERINGS. 


Name  of  Covering. 

2-inch  Coveringe. 

Watsnn'9  Imperial 

Nonpareil  Cork 

10-inch  Coverings. 

Watson's  Imperial 

Nonpareil  Cork 


B.  T.  V.  lost  per  degree  difference 

of  temperature  between  steam 

and  air.  per  square  foot  of  outside 

surface  of  pipe,  per  hour. 


Efficiency  of  covering 

referred  to 

radiation  from  bare 

pipes. 


DISCUSSION. 


3f/\  WtUiayn  TT.  Crosby. — It  is  au  accepted  fact  that  in  any 
steam  plant  the  special  fittings  and  other  surfaces  not  provided 
for  by  molded  or  sectional  coverings  form  from  20  to  35  j^er 
cent,  of  the  whole.  Prof.  C.  L.  Norton,  of  the  Massachusetts 
Institute  of  Technology,  alludes  to  this  fact  in  the  report  of  his 
tests  on  pipe  coverings  in  no  uncertain  terms.  The  tests  referred 
to  in  Mr.  Barrus's  paper  do  not  take  account  of  this  fact,  but 
consider  only  sectional  covering.  From  a  practical  standpoint, 
therefore,  the  results  of  these  tests  cannot  be  taken  as  a  guide 
in  the  solution  of  problems  of  covering  in  general.  It  is  to  be 
regretted  that  plastic  coverings  were  not  included,  for  commer- 
cially they  are  important. 
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It  is  noticed  that  the  so-called  low  pressure  used  was  80  pounds 
per  square  inch.  This  is  a  ratlier  high  figure  for  low  pressure, 
and  does  not  give  much  idea  of  the  action  at  10  pounds  to  the 
square  inch  or  less. 

In  Table  8  a  period  of  five  years  is  assumed  as  a  basis  for  figur- 
ing costs.  No  account  seems  to  be  taken  of  the  fact  that  some 
of  these  coverings  contain  organic  matter,  which  subjects  the 
coverings  to  the  possibility  of  deterioration. 

Eeferring  to  the  first  paragraph  of  the  report,  where  mention 
is  made  of  the  oljject  of  the  trials,  it  is  stated  that  the  tests  were 
made  at  the  Manhattan  Railway  Company's  plant.  It  would 
be  of  interest  to  have  it  stated  if  these  tests  were  made  for  the 
railway  company,  or  not. 

Prof.  D.  S.  Jacohus. — I  would  like  to  present  the  results  of 
tests  which  I  made  over  a  year  ago  on  coverings  for  2-inch  pipes, 
compared  with  some  figures  obtained  by  Mr.  Barrus. 

If  you  will  examine  Table  No.  9  of  Mr.  Barrus's  paper  you 
will  find  that  he  gives  results  which  he  calls  "efficiencies  re- 
ferred to  bare  pipes  " — by  that  he  means  the  percentages  of  the 
heat  radiated  by  the  bare  pipes,  which  is  saved  by  placing  the 
coverings  on  the  pipes.  Starting  with  the  asbestocel  covering, 
which  Mr.  Barrus  tested  at  80  pounds  pressure,  we  find  that  he 
obtained  an  efficiency  of  76.4  per  cent.  By  my  experiments  it 
was  77.2  per  cent.  In  his  test  with  Gast's  air  cell  covering  at 
80  pounds  pressure  he  obtained  7-4.3  per  cent,  and  I  obtained 
74.4:  per  cent.  For  asbesto-sponge  felt,  59  laminations,  he 
obtained  85  per  cent,  at  80  pounds  pressure,  and  85.4  at  150 
pounds  pressure,  and  for  some  of  this  covering  having  about  the 
same  number  of  laminations  I  made  it  84.9  per  cent.  For  the 
magnesia  his  results  were  83.5  per  cent,  at  80  pounds  pressure 
and  84.2  per  cent,  at  150  pounds  pressure,  and  mine  were  83.2 
per  cent.  For  asbestos  navy  brand  he  obtained  81.5  per  cent, 
at  80  pounds  pressure,  and  82.0  per  cent,  at  150  pounds  pres.sure, 
and  my  tests  gave  83.2  per  cent. 

The  asbesto-sponge  hair  felt  was  made  up  of  hair  felt  with 
layers  of  asbestos.  With  the  three-ply  plain,  Mr.  Barrus  ob- 
tained efficiencies  of  85.4  per  cent,  at  80  pounds  pressure,  and 
8().3  per  cent,  at  150  pounds  pressure.  With  ordinary  hair  felt 
covering  my  tests  gave  86  per  cent.  In  addition  to  the  cover- 
ings already  referred  to,  I  tested  Johns  asbestos  fire-felt,  which 
gave  an  efficiency  of  73.1  per  cent. ;  and  a  covering  made  of  car- 
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bonized  silk,  of  German  manufacture,  called  "Remanit,"  which 
gave  about  the  same  results  as  hair  felt. 

The  point  which  I  wish  to  make  is  this:  Here  are  tests  by  Mr. 
Barrus  at  80  and  15(>  pounds  steam  pressure,  while  my  tests  were 
made  at  from  55  to  75  pounds  pressure.  Yet  you  will  see  that 
there  is  a  close  agreement  between  our  results  when  compared 
on  the  efficiency  basis  just  explained.  The  agreement  is,  to  my 
mind,  a  remarkable  one,  considering  the  fact  that  the  loss  of 
heat  is  so  readily  influenced  by  air  currents,  and  it  ajjpears  that 
by  obtaining  the  ratio  in  the  way  described  the  results  are,  to 
a  certain  extent,  independent  of  air  currents.  A  small  draught 
of  air  will  change  the  absolute  results  considerably,  because  the 
loss  is  made  up  of  the  direct  radiation  and  that  produced  b}'  the 
conductive  action  of  the  air.  If  the  currents  of  air  are  slightly 
different  for  two  sets  of  tests,  the  absolute  results  will  vary,  but 
if  enough  tests  are  made  in  each  case,  with  the  bare  pipes,  under 
the  same  conditions  as  the  covered  pipes,  the  efficiency  ratio,  as 
above  deduced,  will  give  results  Avhich  are  comparable  where  the 
pipes  are  of  the  same  size. 

My  tests  were  of  about  four  hours'  duration.  There  were 
four  pipes,  and  the  positions  of  these  pipes  were  interchanged 
after  two  hours  of  uniform  running,  and  average  results  wei-e 
obtained  for  the  two  periods.  Mr.  Barrus's  tests  were  of  a 
much  longer  duration  than  my  own.  The  close  agreement  in 
the  figures  which  \ve  obtained  shows  that  it  is  unnecessary  to 
make  tests  of  a  longer  duration  than  that  shown,  to  give  reliable 
results  by  the  agreement  of  consecutive  readings,  which  was  the 
basis  governing  the  adoption  of  the  four-hour  period  in  my 
work. 

3fr.  William  Kent. — I  think  this  is  a  very  valuable  series  of 
experiments.  I  wish  to  call  attention  to  a  few  things  which 
might  be  gleaned  from  the  report,  and  which  Mr.  Barrus  might 
add  to  it.  For  the  cost  of  allowing  pipes  to  go  uncovered,  one 
figure,  for  80  pounds  pressure,  gives  §1.27  per  square  foot  of 
pipe  per  year;  another,  for  150  pounds,  §1.61.  These  are  fig- 
ures more  easily  remembered  than  the  figures  given  for  10,000 
square  feet.  Isot  only  Professor  Jacobus  finds  a  remarkable 
uniformity  between  his  results  and  Mr.  Barrus's  results,  but  Mr. 
Barrus  finds  a  great  uniformity  between  the  worst  of  the  cover- 
ings which  he  tried  and  the  best.  For  80  pounds  pressure  and 
2-inch  pipe,  the  efficiency  in  tests  of  five  coverings  ranges  only 
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between  T4.3  and  76. -i  per  cent. ;  for  150  pounds  pressure  on  six 
samples  of  2-incli  pipe  coverings,  S2  to  80.3  percent.;  and  for 
150  pounds  pressure  on  lO-inch  ])ipe  the  range  was,  for  live  cov- 
erings, 86.7  to  91.3  per  cent.,  which  shows  that  Ave  can  get,  bv 
buying  the  best  coverings  in  the  market,  anywhere  from  74  to 
86  per  cent,  of  saving.  I  figure  that  the  loss  of  $1.61  per  square 
foot  per  year  for  bare  2-inch  pijie  at  150  pounds  pressure  would 
be  reduced  to  30  cents  by  the  worst  of  these  coverings,  aud  to  22 
cents  by  the  best. 

In  regard  to  the  statement  made  by  one  of  the  gentlemen 
■whose  discussion  was  read,  as  to  the  parties  for  whom  these  tests 
were  made,  I  think  those  who  visited  Mr.  Barrus's  tests  said 
that  the  tests  Avere  made  under  the  auspices  of  the  one  particular 
company,  and  this  was  generally  reported  in  New  Yoi'k.  It  is 
stated  in  the  paper  that  the  manufacturers  of  the  coverings  did 
not  know  that  they  were  to  be  used  for  tests.  Does  this  state- 
ment apply  to  that  company  as  well  as  to  the  other  manu- 
facturers ? 

Pi'iif.  II.  W.  SpangJer. — I  would  like  to  ask  Mr.  Barrus  liow 
he  determined  the  temperature  of  the  steam  on  the  inside  of  his 
coil  when  a  large  quantity  of  steam  was  going  through  the  coil. 
As  we  all  know,  Mr.  Barrus  is  the  originator  of  the  calorimeter, 
which  depends  for  its  action  on  the  fact  that  if  you  allow  steam 
to  pass  through  a  nozzle  the  temperature  is  higher  than  that  cor- 
responding to  the  pressure  on  the  low  side.  I  understand  in  the 
dead  test  that  the  radiation  from  the  header  B  and  V  in  his  fig- 
ure was  sufficient  to  reduce  the  temperature  down  to  that  corre- 
sponding to  saturation.  But  I  do  not  understand  that  when  a 
large  quantity  of  steam  was  going  through  the  coils,  that  this 
was  the  case.  I  do  not  know  any  reason  why  the  temperature 
in  the  coils  from  which  these  figures  were  deduced  should  not 
be  a  higher  temperature  than  that  corresjionding  to  jiressure, 
because,  he  says  in  his  paper  that  he  reduced  the  pressure  from 
150  to  80  pounds  through  a  valve,  and  if  he  did,  and  any  quan- 
tity of  steam  was  going  through  that  valve,  1  do  not  see 
why  the  effect  on  the  low  side  was  not  considerably  higher  than 
the  temperature  corresponding  to  pressure.  He  says  also  that 
he  made  one  test  of  saturation,  and  he  found  that  the  steam  was 
practially  dry.  I  understood  this  to  be  on  the  dead  steam  tests, 
and  that,  I  think,  is  entirely  to  be  understood  from  the  fact  that 
a  small  quantity  of  steam  was  going  thi'ough,  and  therefore  the 
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radiation  from  the  headers  was  sufficient  to  reduce  that  to  a  tem- 
perature corresponding  to  pressure.  But  I  do  not  see  how  it 
can  be  so  in  the  other  cases.  If  you  look  at  the  tables  you  will 
find  that  the  results  were  always  low,  except  in  one  case  I  think, 
which  looks  to  me  as  though  the  temperature  that  he  took  as  the 
temperature  in  the  inside  of  his  pipe,  and  the  quantity  of  heat 
going  through  the  pipe,  were  not  correct,  unless  he  had  some 
way  of  measuring  which  I  do  not  find  in  the  paper. 

J//'.  George  BlnJcel . — I  should  like  to  ask  Mr.  Barrus  how  he 
accounted  for  the  radiation  from  one  covering,  or  from  one  ]npe 
to  another,  in  those  tests.  The  pipes  being  rather  close  together, 
and  in  the  same  position  at  all  times,  with  no  provision,  such  as 
a  shield,  between  them,  they  will  radiate  from  one  another. 
That  is,  taking  the  pipes  1,  2,  3  and  4  down,  1  will  radiate  to  2, 
or  vice  versa — 2  to  3,  3  to  4,  etc.  I  was  fortunate  enough  to  see 
those  tests,  and,  as  I  remember  very  plainly,  No.  1  at  the  top 
was  under  an  open  areaway,  and  exposed  to  a  cold  draught.  I 
should  like  to  know  how  that  radiation  was  taken  into  account. 

Mr.  E.  S.  FanoeU. — I  was  interested  in  this  paper,  as  I  had 
occasion  not  long  ago  to  make  a  similar  series  of  tests  for  the 
International  Paper  Company.  The  relative  merits  of  the  cover- 
ings as  found  by  Mr.  Barrus  agree  very  closely  with  the  results 
of  our  tests.  I  also  found  in  our  tests  that  the  moisture  varietl 
from  two-tenths  to  nine-tenths  of  1  per  cent.  The  apparatus  was 
very  siniilar  to  Mr.  Barrus's;  but  between  the  separator  and  the 
point  of  delivery  into  the  test  pipe  there  was  a  throttling  calori- 
meter. I  assumed  in  these  tests  that  the  relative  efficiencies  of 
the  ]npe  coverings  would  be  the  same  when  the  steam  was  flow- 
ing as  when  the  steam  was  in  a  quiescent  state,  which,  I  believe, 
is  practically  what  Mr.  Barrus  has  done;  but  I  did  not  believe, 
and  I  am  surprised  at  Mr.  Barrus's  conclusion,  that"  the  actual 
quantity  of  condensation  would  be  the  same.  It  seems  to  me 
that  when  steam  is  flowing  through  a  pipe  there  will  l)e  a  sort 
of  rolling  motion  of  the  steam,  carrying  ])articles  of  moisture  to 
the  iron  pipe.  These  particles  will  act  more  or  less  as  a  vehicle 
for  carrying  the  heat  of  the  steam  to  the  pipe  and  delivering  it 
to  the  iron,  resulting  in  a  more  rapid  transit  of  heat.  I  believe 
that  this  view  is  borne  out  by  the  tests  which  have  been  made 
on  radiating  surfaces,  with  the  use  of  superheated  steam,  as 
compared  with  saturated  or  moist  steam.  I  think  it  has  been 
observed  that  with  the  superheated  steam  there  is  less  transmis- 
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sion  of  heat,  the  cause  of  which  is,  as  I  understand  it,  the  lack 
of  small  particles  of  water  to  carry  heat  to  the  iron  of  the  pipe. 
If  that  be  so,  it  would  seem  that  we  should  expect  a  more  rapid 
transjnission  of  heat,  a  more  rapid  radiation,  when  steam  is 
flowing  and  the  moist  jjarticles  do  come  in  contact  with  the  pipe 
more  rapidly.  As  1  read  Mr.  Barrus's  2)aper,  it  seemed  to  me 
that  he  found  in  the  two  cases  the  condensation  to  be  the  same, 
but  that  in  the  one  case  when  the  steam  was  flowing  there 
should  have  been  added  an  undetermined  amount  of  moisture, 
which  was  undoubtedly  carried  ofif  in  suspension  by  the  steam 
issuing  from  the  orifice.  I  do  not  gather  from  the  paper  that 
he  attempted  to  determine  how  much,  if  any,  moisture  was  car- 
ried off  through  that  orifice.  I  ]3resume  that  there  was  consid- 
erable. 

Mr.  Barrus* — In  regard  to  Professor  Spangler's  question  as 
to  the  character  of  the  steam,  I  would  say  that  a  tliermometer 
was  placed  in  each  header,  and  1  never  found  any  indication  of 
superheating  in  either  one.  If  there  had  been  superheating,  due 
to  withdrawing  steam  through  the  valve,  which  reduces  the 
pressure  from  150  to  80  ])ounds,  the  thermometer  in  the  80-])ound 
header  would  have  shown  it.  It  never  showed  any  rise  of  tem- 
perature above  the  normal  figure.  The  reason  is  this:  The  total 
quantity  of  steam  passing  at  any  time  through  this  header  was  not 
much  over  2  horse-power.  The  header  was  a  O-inch  pipe.  The 
pipe  supplying  the  header  was  a  2-inch  pipe.  Xow  'sve  have 
2  horse-power  of  steam  passing  through  a  2-inch  pipe,  and  that 
is  such  a  slow  current  that  if  there  had  been  any  superheating 
whatever,  due  to  withdrawing,  it  would  all  have  been  dissipated 
by  radiation. 

There  is  one  point  about  which  I  would  like  to  speak  in  addi- 
tion to  what  is  given  in  the  paper,  and  which  is  brought  out 
very  ])lainly  in  Table  7,  which  shows  the  advantages  of  applying 
covering  to  steam  i)ipes,  no  matter  what  their  kind  may  be. 
The  cost  of  coal  used  in  supplying  the  steam  to  10,000  feet  of 
pipe,  covered  with  the  least  efficient  of  the  coverings  tested,  is 
given  as  $2,070  for  a  period  of  one  year  of  365  days,  2-1  hours 
per  day.  When  the  pipes  were  bare,  under  the  same  circum- 
stances the  cost  of  fuel  to  keep  them  heated  was  $12,706  per 
year.     Showing  that  by  covering  pipes  there  was  a  saving  of 

*  Author's  closure,  under  the  Rules. 
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$9,400  in  a  year.  The  cost  of  this  covering,  given  in  Table  No.  3, 
is  $2,319.  Under  those  circumstances  the  covering  xvoulcl  be 
paid  for  four  times  a  year. 

In  making  a  final  closure  to  this  discussion,  I  will  first  take  up 
Mr.  Kent's  remarks.  In  the  opening  sentences,  Mr.  Kent  thinks 
it  better  to  reduce  the  quantities  given  in  Table  No.  7,  to  the 
basis  of  1  square  foot  of  surface.  As  it  is  simply  a  matter  of 
placing  the  decimal  point  in  the  required  place,  whether  the  basis 
is  the  10,000  square  feet  of  the  paper  or  the  unit  of  1  square  foot 
suggested,  the  addition  recommended  seems  to  me  immaterial 
and  unnecessary. 

In  rejily  to  the  last  paragraph  of  Mr.  Kent's  discussion,  it 
appears  that  he  has  given  much  closer  attention  to  the  reports  of 
those  who  attended  a  public  exhibition  of  my  testing  jilant  than 
to  the  text  of  the  pa]ier,  so  that  he  has  become  confused,  and  he 
puts  a  question  which  has  no  meaning.  He  asks  something 
about  the  coverings  mentioned  in  the  paper,  which  were  manu- 
factured by  one  of  the  companies.  There  is  no  statement  in  the 
paper  to  indicate  that  any  specified  company  had  anything  to  do 
with  the  manufacture  of  the  coverings  tested,  and,  consequently, 
there  is  no  foundation  for  such  a  question.  It  should  be  said, 
however,  that  the  import  of  the  question  is  already  fully  an- 
swered in  Mr.  Kent's  own  quotation  from  the  paper,  which 
reads  as  follows:  "It  is  stated  in  the  paper  that  the  manufac- 
turers of  the  coverings  did  not  know  they  were  to  be  used  for 
tests."  This  statement,  it  will  be  observed,  is  not  qualified  in 
any  respect,  and  it  applies  to  one  covering  as  much  as  to  another. 
If,  in  commenting  on  it  as  he  does,  he  intends  to  convey  the  im- 
pression that  he  doubts  whether  it  states  the  fact,  he  may  quite 
as  justly  claim  that  the  whole  paper  is  a  fabrication  from  tegin- 
ning  to  end. 

Mr.  Kent  goes  out  of  his  way  to  tell  the  society  what  he  has 
heard  regarding  the  auspices  under  which  the  tests  were  made. 
I  would  say  in  regard  to  this  that  the  paper  makes  no  reference 
to  this  subject,  although  quite  complete  in  all  other  respects. 
My  silence  on  this  one  point  was  intentional,  as  I  did  not  con- 
sider the  matter  of  auspices  had  any  bearing  on  the  vital  ques- 
tions involved,  these  being  purely  of  an  engineering  nature. 
Had  they  been  otherwise,  I  should  not  have  had  the  temerity 
to  place  a  record  of  my  work  before  the  American  Society  of 
Mechanical  Engineers. 
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Mr.  Kent's  remarks  are  nothing  less  than  an  attack  upon  the 
integrity  and  reliability  of  the  work,  and  as  such  I  cannot  do 
otherwise  than  resent  them.  I  am  not  unduly  sensitive  in  the 
matter,  for  others  who  have  no  personal  interest  in  the  subject 
share  my  feelings.  My  first  intention  was  to  ignore  them  in  the 
final  closing,  but  on  further  consideration  I  will  gratify  Mr. 
Kent's  curiosity  so  far  as  I  can  properly  do  so.  The  tests  were 
not  made  under  the  auspices  of  any  particular  company,  and  the 
impression  that  they  were,  which  Mr.  Kent  refers  to,  is  erroneous. 
They  were  set  on  foot  and  paid  for  by  a  number  of  parties  who 
wanted  practical  and  reliable  information  on  the  subject,  the 
only  understanding  being  that  the  work  should  be  wholly  dis- 
interested. "Who  these  parties  were  is  of  no  concern  to  any  one 
but  myself.  It  is  enough  to  say  that  after  the  worlc  had  once 
been  set  on  foot,  my  clients  had  no  more  to  do  with  its  policy  or 
methods,  or  any  other  question  of  vital  importance  relating  to  it, 
than  Mr.  Kent  himself. 

In  reply  to  Mr.  Wm.  W.  Crosby's  criticisms,  I  do  not  agree 
with  his  statement  that  it  is  an  accepted  fact  that  plastic  cover- 
ings are  used  in  every  steam  plant  to  the  extent  of  from  20  per 
cent,  to  35  per  cent,  of  the  whole.  This  st;itement  is,  to  say  the 
least,  a  great  exaggeration  of  the  facts,  and  in  making  it  Mr. 
Crosby  endeavors  to  unduly  minimize  the  range  of  application  of 
the  results. 

Mr.  Crosby  objects  to  the  use  of  the  term  "  low  pressui-e  "  as 
applied  to  the  80-pound  section  of  the  apparatus,  As  the  pres- 
sures tried  were  oidy  two  in  nuinljer,  one  SO  pounds  and  one  150 
])ounds,  this  designation,  as  a  means  of  com])arison  between  the 
two,  seems  to  me  very  appropriate.  Under  the  circumstances, 
no  one  would  think  of  the  term  "low  pressure"  having  any  refer- 
ence to  a  pressure  so  low  as  10  pounds,  to  which  he  refers. 

The  ])roportion  of  organic  matter  was  so  small  in  the  cover- 
ings referred  to  that  they  could  not  be  subject  to  material  de- 
terioration, even  in  five  years'  service.  Experience  with  these 
particular  coverings  shows  them  to  be  exceedingly  durable. 

I  am  greatly  obliged  to  Professor  Jacobus  for  making  the 
comparison  which  he  does  between  the  similar  tests  he  made  at 
Stevens'  Institute  and  those  reported  in  the  paper.  If  any 
evidence  were  needed  in  support  of  the  substantial  reliability  and 
impartiality  of  my  work,  it  is  furnished  by  this  comparison. 

Mr.  Dinkel  raises  the  question  as  to  the  effect  of  radiation  of 
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one  pipe  to  the  next,  there  being  no  shields  bet\\'een  them.  I 
have  made  a  similar  series  of  experiments  where  ]>rovision  was 
made  for  shielding  one  pipe  from  the  radiation  of  the  next  pipe, 
and  I  found  that  there  was  no  measurable  difference  produced 
bj  the  introduction  of  the  shields.  If  there  is  any  correction  to 
be  made  for  this  radiation,  it  is  too  small  to  be  appreciable.  So 
far  as  the  pipe  which  was  located  under  the  open  areaway  is 
concerned,  the  experiments  with  the  various  coverings  all  applied 
to  one  pipe,  as  explained  in  the  pai)er,  demonstrate  that  the 
apparently  unfavorable  location  of  this  pipe  was  in  reality  no 
detriment. 

Mr.  Farwell  brings  up  an  interesting  point  in  relation  to  the 
effect  of  motion  on  the  rate  of  condensation.  I  did  not  deter- 
mine the  amount  of  moisture  passing  off  through  the  orifice 
when  the  steam  was  in  motion.  I  can  hardly  agree  with  the 
inference,  however,  that  considerable  moisture  passed  away 
because  the  arrangement  of  the  vent  pipe  which  was  attached 
to  the  top  of  the  horizontal  2-inch  test  pipe  was  such  that  little 
if  any  water  could  have  been  picked  up  and  carried  over.  Espe- 
ciall}'  is  this  so  when  it  is  considered  that  the  speetl  of  the  steam 
in  the  2-inch  pipe  was  not  over  20  lineal  feet  per  second.  It  has 
been  found  that  steam  will  drop  practically  all  its  moisture  in  a 
horizontal  pipe  when  the  speed  is  several  times  this  figure,  and 
there  is  no  reason  to  think  that  at  the  slow  rate  mentioned  it 
would  do  otherwise. 
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MEMORIAL   NOTICES   OF  MEMBERS  DECEASED  DUR- 
ING  THE   YEAR. 

SAJIUEL,  W.  SKINNER. 

Mr.  Skinner  was  born  in  Cincinnati,  Ohio,  on  June  IT,  1S58,  and 
died  in  the  same  city  on  May  20, 1901.  His  whole  life  and  all  his 
interests  were  bound  up  with  that  city,  and  it  Avas  for  only  the 
short  periods  of  his  college  preparation  at  Exeter,  N.  H.,  and  his 
college  course  at  Harvard,  from  which  he  graduated  in  1880,  that 
he  was  away  from  his  native  town.  After  graduation  he  en- 
gaged in  the  business  side  of  engineering,  holding  successively 
positions  as  Second  Vice-President  of  the  Blymyer  Ice  Machine 
Company  of  Cincinnati;  President  of  the  Blymyer  Iron  Works 
Company ;  Vice-President  of  the  Cincinnati  Bell  Foundry  Com- 
pany; Vice-President  of  the  Evansville  Ice  and  Cold  Storage 
Company,  and  his  last  connection  was  Secretary  and  Treasurer 
of  the  Cincinnati  Shaper  Company.  He  was  a  member  of  the 
Queen  City  and  Optimist  clubs,  and  chairman  of  a  general  com- 
mittee appointed  i)y  the  latter  club  on  the  question  of  smoke  pre- 
vention in  Cincinnati,  which  work  engrossed  him  \evy  much, 
and  on  which  he  wrote  several  articles.  He  was  a  member  of 
the  Loyal  Legion  through  inheritance. 

One  of  his  strong  characteristics  was  his  interest  in  and  genial 
remembrance  of  other  men  of  all  walks  in  life,  whether  his  em- 
ployees or  old  friends  occupying  ]>ositions  of  national  import- 
ance; a  man  who  had  no  enemies,  whom  even  casual  acquaint- 
ances liked,  and  Avho  was  loved  by  his  friends  in  a  way  that  falls 
to  the  lot  of  few. 

Mr.  Skinner  was  elected  an  Associate  Member  of  the  Society 
May  10,  1900. 

JOSEPH  HiRscn. 

By  the  usual  formal  communication  from  the  related  families, 
the  death  is  announced  of  Honorary  Member,  Joseph  Hirsch, 
Inspecteur  General  Honoraire  des  Ponts  et  Chaussees,  Professeur 
au  Conservatoire  National  des  Arts  et  Metiers,  and  distinguished 
author  and  investigator,  as  well  as  administrator. 
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Monsieur  Hirsch  was  related  to  the  great  families  of  Mayer, 
Barra,  Dreyfus,  Dupont,  and  others  well  known  among  the  old 
and  most  distinguished  family  stocks  of  France.  His  son,  Mon- 
sieur Paul,  is  a  member  of  the  Garde  General  des  Eaux  et  Forets; 
his  nearest  relatives  are  prominent  in  the  Fonts  et  Chaussees, 
and  the  genius  of  the  family  is  found  in  evidence  on  all  sides  in 
public  works  departments. 

The  widow,  a  son,  and  a  married  daughter  survive,  and  one 
grandchild  joins  them  in  the  family  announcement  of  the  decease 
of  their  distinguished  relative. 

Monsieur  Ilirsch,  born  in  1836  at  Lyon  (France),  after  passing 
through  FEcole  Polytechnique  and  I'Ecole  des  Fonts  et  Chaus- 
sees was  appointed  in  1860  Ingenieur  au  corps  des  Fonts  et 
Chaussees. 

From  1860  to  1869  he  executed  in  this  position  a  series  of  im- 
portant works,  among  them  being  the  canal  of  Houilleres  de  la 
Sarre  upon  the  German-French  frontier,  the  dam  of  I'lsle  Barbe 
on  the  Saone  River  near  Lyon  for  converting  that  river  into 
a  canal,  and  of  particular  interest  the  great  dam  of  the  Mitter- 
sheim  Reservoir  for  the  feeding  of  the  Houilleres  Canal,  in  which 
the  level  of  the  water  was  automatically  regulated  by  a  system 
of  sijjhons.  This  installation  procured  for  him  the  Cross  of  the 
Red  Eagle  of  Prussia,  and  a  gold  medal  at  the  Paris  Exposition 
of  1867. 

From  1869  to  1876  Monsieur  Hirsch  devoted  himself  to  the 
study  of  metallurgy  and  forsook  the  jmblic  service.  He  directed 
tlie  foundries  and  forges  at  Ars-sur-Moselle,  and  when  these 
passed  into  German  territory,  he  built  to  replace  them,  for 
Messrs.  Dupont  ife  Dreyfus,  the  blast  furnaces  and  forges  at 
Pompey,  which  have  since  become  one  of  the  most  important 
plants  of  the  group  at  Meurthe  and  Moselle. 

After  finishing  this  installation  he  established  hnnself  at  Paris, 
and  engaged  in  divers  researches  and  experiments  on  steam 
machinery,  for  a  memoir  on  which,  published  in  Amudes  des 
Pants  et  Chaussees,  he  received  from  the  Minister  of  Public 
"Works  a  gold  medal.  He  also  introduced  to  the  French  by  a 
translation  Thurston's  "  History  of  the  Steam  Engine." 

From  1876  to  1898  he  was  Professor  of  Steam  Engineering  at 
I'Ecole  des  Pouts  et  Chaussees,  and  from  1886  until  his  death 
Professor  of  Ajiplied  Mechanics  at  the  Conservatoire  des  Arts  et 
Metiers. 
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During  this  long  period  he  Avas  always  intimately  connected 
with  questions  of  general  mechanics  and  interior  navigation  and 
interested  in  experiments  at  Yillete  for  smoke  prevention. 

As  a  member  since  1886  of  the  Committee  of  Mechanic  Arts 
of  the  Society  for  Encouragement  of  National  Industry,  he  con- 
tributed to  the  bulletin  of  that  society  many  rejiorts  and  original 
studies  made  at  his  laboratory  in  the  Conservatoire.  Notable 
among  these  are  the  experiments  on  the  I>urning  of  steam  boilers, 
on  heat  engines  other  than  steam,  on  tests  of  gas  engines,  etc. 
In  interior  navigation  he  made  an  extended  study  of  elevators 
and  inclined  planes  for  boats  of  large  dimensions.  At  the  time 
of  his  sudden  death,  on  the  22d  of  June,  1901,  he  was 'publishing 
in  the  Revue  de  Mecanlque  an  important  series  of  articles  on 
recent  ex|)eriments  on  a  new  type  of  steam  engine. 

His  intei'est  in  the  United  States  and  in  our  prosperity,  and 
esjiecially  our  educational  progress,  was  always  great,  and  his 
faith  in  our  institutions  stronger  than  is  usual  among  Europeans, 

He  has  invariably  been  active  in  the  work  of  preparation  for 
the  Fi'ench  international  expositions,  and  has  been  the  represent- 
ative of  his  country,  in  most  cases,  at  such  expositions  held  in 
other  countries ;  serving  on  the  International  Jury,  and  invari- 
ably with  satisfaction  to  the  government  appointing  him  and  to 
the  exhiliitors  regarding  whoso  products  he  was  called  upon  to 
report.  He  united  theoretical  and  practical  knowledge  with 
good  judgment  and  an  absolute  fairness  which  made  him  an 
ideal  judge  and  umpire. 

Fainiliar  from  his  earlier  j'ears  of  service  with  the  work  of 
General  Morin  and  of  his  colleague  and  predecessor,  Tresca,  per- 
haps the  two  most  famous  investigators  in  engineering  science 
that  France  has  produced,  Monsieur  Hirsch  was  himself  fully 
imbued  with  the  sjjirit  of  research,  and  was  able  powerfully  to 
])romote  and  maintain  that  work  at  the  Conservatoire  and  in 
other  scientific  schools  and  colleges  of  France.  The  administi-a- 
tion  of  Colonel  Laussedat,  witli  which  he  has  been  identified  for 
a  generation  ])ast,  has  been  thus  made  successful,  and  the  tradi- 
tions established  l)y  General  Morin  have  been  maintained  by  the 
association  and  cooperation  of  these  able  and  earnest  men. 

His  last  letter  to  the  writer  of  this  inadequate  notice,  written 
during  the  last  winter,  conveys  in  impressive  language  his  sense 
of  the  importance  of  the  part  played  by  our  country  in  the  drama 
of  the  nations,  and  expresses  deep  regret  that  we  had  not  taken 
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a  larger  and  more  suitable  part  in  the  last  International  Expo- 
sition at  Paris,  as  we  thus  ignored  a  great  op])ortunity  to  make 
better  known  the  skill  of  our  mechanics  and  the  magnitude  and 
variety  of  our  production  in  dej)artments  in  which  we  might 
readily  command  a  larger  and  more  widely-extended  market. 
He  attributes  this  unfortunate  oversight  to  our  "politics,"  and 
his  last  words  to  this  correspoudent  were: 

"  Tin  mot:  la  politique  est  plus  funeste  que  la  pestc  et  le  phyl- 
loxera! " 

The  literary  and  scientific  work  of  Monsieur  Hirsch  is  well 
illustrated  in  quality  and  character  by,  fur  example,  his  report 
on  "  Machines  and  the  Apparatus  of  Mechanics,"  one  of  the  re- 
ports of  the  International  Jury  at  Paris,  1878  (Paris,  "  Ingenieur 
Nationale,  MDCCCLXIIL"),  an  8vo  of  GOO  pages,  fully  illus- 
trated, which  is  a  model  in  its  department.  His  more  strictly 
scientific  and  seriously  professional  work  is  illustrated  in  his 
"  Discours  sur  les  Machines  a  Vapeur,"  written  in  conjunction 
with  M.  Debize,  1885-1891.  in  which  volumes  are  presented  the 
course  of  I'ficole  des  Ponts  et  Chaussees,  with  whicli  he  was 
connected  as  professor,  and  of  which  he  was  an  Inqcnlenr  en 
Chef. 

Monsieur  Hirsch  was  a  great  man,  a  most  learned  man,  a  sci- 
entist, an  able  engineer,  a  fine  teacher,  a  noble  gentleman.  As  a 
professional  colleague  writes,  immediately  after  learning  of  his 
unexpected  decease: 

"Savant,  comble  de  dignites,  riche,  tres  riche,  entoure  d'une 
belle  famille,  avec  cela  modeste  et  bou,  il  avait  tout  ce  qn'il  faut 
pour  etre  heureux. " 

And  no  man  ever  earned  more  fully  all  the  comfort  and  happi- 
ness which  life  can  afford.  His  labors  have  made  the  whole 
world  richer  and  better  and  wiser.  His  was  a  long  professional 
life,  full  of  good  works. 

Ho  had  been  an  officer  of  the  Legion  of  Honor  since  August 
14,  lOQO,  and  an  Honorary  Member  of  the  Societe  Technique 
Imperiale  de  Russie,  and  since  1889  he  was  an  Honorary  Mem- 
ber of  the  American  Society  of  Mechanical  Engineers. 

JAMES   F.  LEWIS. 
Mr.  Lewis's  first  successes  were  as  a  member  of  tlie  firm  of 
Eand,  Lewis  &  Rand,  of  Westfield,  Mass.,  where  he  introduced 
methods  of  manufacture  in  the  whip  industry  which  have  since 
54 
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been  adojited  by  all  makers.  Afterwards  he  was  interested  in 
the  iron  industries,  both  mining  and  manufacturing,  and  in  1881 
was  placed  in  charge  of  a  blast  furnace  at  Quinnemont,  W.  Va. 
In  1881:  he  became  associated  with  the  Rand  interests  in  the 
Canadian  Rand  Drill  Company,  of  which  company  he  became 
president  in  1890.  Since  1895  he  has  had  the  active  business 
management  of  the  company,  and  has  contributeil  very  largely 
to  its  gi'eat  success. 

At  the  beginning  of  the  Civil  War  Mr.  Lewis  enlisted  in  the 
Third  Connecticut  A'olunteers,  and  fought  at  the  battle  of  Bull 
Run,  in  which  engagement  he  was  wounded.  He  was  always 
ready  to  do  a  service  to  another,  and  had  therefore,  deservedly, 
hosts  of  friends.  He  and  the  world  were  friends.  He  was  a 
member  of  many  other  engineering,  scientific,  and  social  soci- 
eties, as  well  as  of  the  American  Society  of  Mechanical  Engi- 
neers, which  he  joined  in  1887. 

Mr.  Lewis's  death  Avas  the  result  of  a  somewhat  protracted 
illness  resulting  from  pneumonia,  which  attacked  him  while  pre- 
paring for  a  Southern  tri})  in  search  of  better  health.  The  end 
came  at  Boston  on  July  23,  1901. 

EDWAKD  G.  PARKHURST. 

Mr.  Parkhurst  was  born  in  Thompson,  Conn.,  August  29, 
1830.  He  was  a  prominent  inventor  of  improvements  in  ma- 
chinery and  of  automatic  jnotions  for  machine  tools,  and  also  of 
devices  for  rapid-fire  guns.  His  connection  with  the  last-men- 
tioned line  of  work  dates  from  his  connection  with  the  Savage 
Arras  Company,  of  MidiUetown,  during  the  Civil  War.  Later 
he  was  in  the  employ  of  Pratt  &  Whitnej^  and  made  many  im- 
provements in  their  products.  He  was  for  many  years  assistant 
superintendent  of  their  works.  Since  leaving  them,  some  six 
years  ago,  he  has  been  connected  with  the  American  Ordnance 
Company  and  with  the  Bethlehem  Steel  Compan\^ 

Among  other  inventions  inade  by  Mr.  Parkhurst  is  the  auto- 
matic rod  feed  for  screw  machines,  which,  by  the  movement  of 
a  single  lever,  first  in  one  direction,  then  in  the  other,  opens  the 
jaws  of  the  chuck,  feeds  up  the  stock,  and  closes  the  chuck,  all 
Avhile  the  machine  is  in  motion. 

Another  recent  improvement  in  the  Krag-Jorgensen  rifle  was 
a  five-cartridge  magazine  clip  which  is  being  tried  by  the  United 
States  Array  in  the  Philippines. 
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Mr.  Parkhurst  ^vas  a  man  whom  to  know  was  to  love.  His 
musical  and  literary  tastes,  as  well  as  his  geniality  and  good-fel- 
lowship made  him  as  much  of  an  acquisition  to  social  gatherings 
as  did  his  ability  and  knowledge  to  those  of  a  technical  nature. 
He  was  one  of  the  little  band  of  charter  members,  rapiilly  grow- 
ing smaller,  of  this  Societ}',  and  was  always  interested  in  its 
meetings  and  welfare,  though  taking  but  little  part  in  the  dis- 
cussions on  the  floor.  He  had  served  his  home  city  of  Hartford, 
Conn.,  as  councillor  and  alderman,  and  was  prominent  in  all 
movements  making  for  good  government.  His  death  took  place 
at  his  home  July  31,  1901.  A  widow  and  one  daughter  survive 
him. 

JAMES   BARCLAY   HENNEf. 

James  Barclay  Hennej',  a  member  of  the  American  Society 
of  Mechanical  Engineers  since  June  13,  1883,  died  suddenly  of 
heart  failure,  November  3,  1901,  at  Manchester,  N.  H. 

Mr.  Henney  was  born  at  Plainfield,  Conn.,  October  20,  1842, 
and  was  educated  at  the  Plainfield  Academy,  afterwards  pursu- 
ing mechanical  studies  under  private  instruction.  He  had  a  wide 
acquaintance  among  railroad  men.  East  and  West,  and  was  prom- 
inent as  a  constructor  of  locomotives,  many  of  his  devices  having 
been  ado])ted  in  the  standard  designs  for  engines  on  the  great 
trunk  lines.  His  business  life,  with  the  exception  of  the  last  few 
years,  was  spent  in  connection  with  the  Motive  Power  Depart- 
ments of  railroads,  beginning  with  the  Chicago  and  Alton,  at 
Bloomington,  111.  From  the  Chicago  and  Alton  he  went  to  the 
Springfield  and  Illinois  Southeastern,  as  General  Foreman,  then 
to  the  St.  Louis,  Kansas  Cit}'  and  Northern,  as  Assistant  Super- 
intendent of  Motive  Power  at  the  time  Sir  William  Yan  Horn 
was  General  Manager.  Soon  after  Mr.  Yan  Horn  was  made 
General  ilanager  of  the  Southern  Minnesota  he  offered  Mr. 
Henney  the  position  of  Superintendent  of  Motive  Power,  which 
office  he  held  for  several  j^ears,  until  the  lease  of  that  road  by 
the  Chicago,  Milwaukee  and  St.  Paul. 

He  next  occupied  the  same  ]iosition  on  the  Wisconsin  Central, 
and  upon  severing  his  connection  with  that  road,  came  East  to 
take  charge  of  the  Motive  Power  Department  of  the  New  York 
and  New  England,  remaining  with  that  company  in  that  capac- 
ity during  the  receivership  and  presidency  of  the  late  Charles 
P.  Clark. 
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From  the  New  England  road  Mr.  Henney  went  to  Hartford, 
Conn.,  as  Superintendent  of  an  electric  lighting  and  railway 
plant,  and  while  so  employed,  was  called  to  Schenectady  as  an 
inspector  for  the  locomotive  shops  in  that  city.  During  that 
employment  he  went  to  South  Africa  to  install  there  a  number 
of  locomotives  ordered  from  the  Schenectady  Works  by  the  Cape 
Colony  Grovernment,  and  remained  until  the  engines  were  suc- 
cessfully tested. 

His  work  gave  great  satisfaction  to  the  South  African  authori- 
ties, and  was  followed  by  an  additional  order  soon  after  his  re- 
turn home. 

When  the  engine  works  at  Manchester,  N.  H.,  were  absorbed 
by  the  American  Locomotive  Company,  he  was  sent  there  as 
Superintendent,  and  had  been  in  that  position  but  a  week  at  the 
time  of  his  death.  A  widow  and  three  children,  together  with 
four  brothers  and  one  sister  survive  him.  Of  these,  his  brother, 
John  Henney,  is  Superintendent  of  Motive  Power  of  the  New 
Yoi'k,  New  Haven  and  Hartford  Railroad  Company,  and  a  mem- 
ber of  this  Society. 

Mr.  Henney  was  devoted  to  his  profession,  a  man  of  wide 
reading,  and  an  accomplished  mechanical  engineer,  with  an  en- 
thusiastic relish  for  mechanical  problems,  in  the  solution  of  which 
he  employed  his  time  and  talent  with  unwearying  industry  and 
patience.  He  was  a  man  of  fine  administrative  ability,  loving 
order  and  honest  work,  and  alwaj'S  insisting  on  it,  just  to  the 
corporation  employing  him,  and  fair  to  the  men  employed.  Per- 
haps the  best  commentary  on  his  railroad  work  is  found  in  the 
fact  that  in  every  instance  he  left  his  department  better  organ- 
ized and  more  efficient  than  he  found  it. 

Socially  Mr.  Henney  was  genial  and  attractive,  devoted  to  his 
family  and  lo}\al  to  his  friends;  a  man  of  the  strictest  integrity 
and  honor,  apt  to  judge  others  by  the  same  high  standard  which 
he  applied  to  himself.  His  career  was  one  of  distinguished  use- 
fulness, and  his  death  leaves  a  vacancy  not  easily  filled. 

STEPHEN  GREENE. 
Stephen  Greene  was  born  in  Hope  Village,  Scituate,  R.  I., 
September  27,  1851,  and  his  earliest  associations  were  with  cot- 
ton manufacturing,  which  later,  on  extended  lines,  formed  his 
life  work,  as  his  father,  Alvin  Greene,  was  both  owner  and 
manager  of  a  cotton  mill  in  which  he  took  interest  as  a  boy,  thus 
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becoming  familiar  with  all  the  operations  and  processes  of  the 
manufacture  as  carried  on  in  that  establishi7ient.  He  prepared 
at  Westerly  for  Brown  University,  from  which  he  graduated  in 
1873,  receiving  the  degree  of  Ph.B.  He  at  once  took  up  with 
the  practice  of  civil  engineering  with  various  engineering  offices 
in  Providence,  finally  entering  into  partnership  with  Amos  D. 
Lockwood,  the  most  eminent  mill  engineer  of  his  day.  Mr. 
Lockwood's  death  made  him  the  surviving  partner  of  the  engi- 
neering firm  of  Lockwood,  Greene  &  Co.,  of  Providence,  which 
afterwai'ds  moved  to  Boston.  As  the  head  of  tliis  firm,  he  de- 
signed and  supervised  the  building  and  equijmient  of  a  large  num- 
Ijer  of  cotton  mills,  and  to  him  as  much  as  to  anj^  one  man  was 
due  the  recent  textile  development  of  Southern  mills  on  a  large 
scale.  He  also  took  an  active  ])art  in  the  construction  of  woollen 
and  worsted  mills  and  machine  shops  on  lines  of  improved  con- 
struction. In  this  work  he  Lad  a  large  range  of  duties,  begin- 
ning in  many  instances  with  a  selection  of  the  site,  the  design  of 
the  buildings,  equipment  of  the  machinery  and  arrangement  of 
the  power,  in  all  of  which  he  showed  a  thorough  knowledge 
of  details  as  well  as  of  the  purpose  of  the  establishment  as  a 
whole;  but  his  greatest  abUity  was  probably  shown  in  the  re- 
organization and  extension  of  existing  plants  which  liad  become 
superannuated  by  the  depreciations  of  wear  and  tear  and  by  sub- 
sequent mechanical  inventions. 

He  was  married  in  1S74-,  and  leaves  a  widow  and  four  sons. 
He  had  intimate  relations  with  investors  in  cotton  mill  interests, 
and  was  a  director  in  a  large  number  of  manufacturing  establish- 
ments, also  in  several  insurance  companies  and  educational  and 
])enevolent  institutions.  He  was  a  prominent  member  of  the 
New  England  Cotton  Manufacturers'  Association,  and  joined 
the  American  Society  of  Mechanical  Engineers  May  15,  1889. 

FREDERICK  STIELTJES. 
Frederick  Stieltjes,  a  Member  of  the  American  Society  of 
Mechanical  Engineers,  died  at  Amsterdam,  Holland,  on  the  2Tth 
of  December,  1901,  at  the  early  age  of  forty-four  years,  having 
been  born  at  Hoorn,  Holland,  on  the  17th  of  April,  1857.  Mr. 
Stieltjes  was  first  educated  at  the  Elementary  School  in  Hoorn, 
and  afterwards  continued  his  studies  in  Amsterdam,  but  was 
obliged  to  leave  school  when  about  fifteen  years  of  age  for  a 
place  in  an  office  as  a  junior  clerk.     A  few  months  afterwards 
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one  of  the  members  of  the  Amsterdam  School  Board,  who  liad 
observed  Stieltjes'  diligence  as  a  pupil,  recommended  him  for 
a  position  in  the  business  of  the  late  Mr.  H.  J.  G.  Mj^nssen,  a 
consulting  engineer  in  Amsterdam.  Here  Stieltjes  was  in  his 
element;  he  not  only  applied  himself  diligently  to  his  business, 
but  devoted  all  his  leisure  hours  to  the  study  of  foreign  lan- 
guages, the  principles  of  which  he  had  learned  in  school,  as  is 
usual  in  Holland.  He  also  acquired  a  thorough  knowledge  of 
bookkeeping;  and,  in  fact,  absorbed  to  an  extraordinary  degree 
all  those  general  fundamental  principles  which  make  the  success- 
ful business  man.  His  position,  however,  did  not  satisfy  his  am- 
bition, and  he  was  constantly  seeking  new  worlds  to  conquer. 
His  abilities  were  so  much  appreciated  by  his  employer,  that  he 
not  only  permitted  him  to  transact  business  on  his  own  account 
in  his  own  time,  but  also  assisted  him  in  obtaining  some  agen- 
cies. By  his  extraordinary  zeal,  industry,  and  cleverness  he  suc- 
ceeded to  such  an  extent  that  Mr.  Mynssen  soon  recognized  that 
his  business  did  not  afford  sufficient  scope  for  Stieltjes'  energy 
and  ability,  and  they  sejiarated  with  the  heartiest  good  wishes, 
and  Stieltjes  founded  the  firm  of  Fred.  Stieltjes  A;  Co. 

In  1893,  and  again  in  ISUO  he  made  a  trip  through  the  United 
States  in  order  to  visit  the  many  American  friends  with  whom 
he  was  in  business  relations,  many  of  whom  had  already  made 
his  acquaintance  when  visiting  Europe,  and  the  friendships  Avhich 
he  formed  then  continued  till  the  day  of  his  death. 

As  a  number  of  American  firms  had  given  to  Stieltjes  the  ex- 
clusive right  to  sell  their  goods  on  the  Continent  of  Europe,  he 
founded  several  "  Stieltjes'  Engineering  Companies  "'  in  Brussels, 
Berlin,  Copenhagen,  Stockholm,  Chi'istiania,  Vienna,  Berne, 
Barcelona,  and  Paris.  Almost  all  these  comjjanies,  independent 
firms,  although  working  in  relation  with  the  Amsterdam  office, 
have  achieved  great  success  in  the  sale  of  American  goods  in 
Europe,  and  the  managers  of  every  one  of  them  had  the  highest 
appreciation  of  his  qualities,  and  were  proud  to  call  him  a  friend. 

About  fifteen  years  ago  Stieltjes  introduced  the  Worthington 
pumps  into  Holland,  and  succeeded  to  such  an  extent  that  the 
Worthington  Pumping  Engine  C!ompany  founded  a  branch  office 
under  his  control  in  Amsterdam,  and  their  exam])le  was  followed 
a  few  years  later  by  the  Sturtevant  Engineering  Company. 

It  can  safely  be  asserted  that  no  man  did  inore  for  the  intro- 
duction of  American  Engineering  goods  into  Europe  than  Fred- 
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erick  Stieltjes,  and  in  the  words  of  an  American  Government 
official  wlio  knew  him  well,  "He  was  the  best  American  in 
Holland." 

Stieltjes  was  a  self-made  man  and  a  Ijorn  engineer.  He  very 
much  regretted  that  he  had  not  had  in  his  early  days  the  advan- 
tages of  a  scientific  and  technical  education,  but  he  was  perfectly 
aware  of  his  weak  points,  and  was  ever  working  without  rest 
and  with  the  most  complete  success  to  strengthen  them. 

He  was  interested  in  everything  which  tended  to  the  best  good 
of  his  city  and  his  country,  and  his  name  was  a  synonym  for  all 
that  is  honorable  and  straightforward.  His  death  is  a  sad  loss 
for  his  widow,  his  friends,  his  firm,  and  his  country. 

WALTER   V.   FITCH. 

Walter  V.  Fitch  was  born  in  Perry  Township,  Allen  County, 
Ind.,  March  2-i,  1874,  and  died  January  2,  1902.  His  father, 
mother,  two  brothers  and  three  sisters  survive  him. 

The  most  of  his  life  was  spent  on  the  farm  at  home.  Upon 
graduating  from  the  district  school  he  entered  the  Fort  "Wayne 
High  School,  and  after  two  years'  attendance  there  entered 
Purdue  University  in  1895,  graduating  from  the  mechanical 
depai'tment  of  that  institution  in  1899. 

Since  then  he  has  followed  his  profession  in  Aurora,  111.; 
Boston  and  Lynn,  Mass. ;  and  Chicago,  111. 

In  1900  he  joined  the  American  Society  of  Mechanical  Engi- 
neers, of  which  Society  he  has  since  been  an  active  member. 

In  August  last  he  engaged  with  the  Western  Electric  Com- 
]iany,  of  Chicago,  with  which  company  he  was  continuously 
employed  until  he  was  taken  sick  with  pneumonia,  December  15, 
1901,  resulting  in  his  death. 

CHARLES   p.  DEANE. 

Mr.  Charles  P.  Deane,  the  only  son  of  George  Howard  and 
Maria  Ward  Deane,  was  born  in  Boston,  January  20,  1845,  of 
New  England  ancestry,  of  whom  a  large  number  were  graduates 
of  Harvard  College  in  its  early  days.  In  1849  the  family 
moved  to  Cambridge,  where  Mr.  Deane  attended  a  private 
school,  and  later  was  graduated  from  the  high  school.  After 
the  financial  crash  of  1857  Mr.  Deane's  father  made  a  change  in 
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his  business,  and  became  associated  with  the  mills  at  Ludlow, 
Mass.,  and  his  family  took  up  their  residence  in  Springfield, 
Mass.,  where  Mr.  Charles  P.  Deane  made  his  home  up  to  the 
time  of  his  death. 

At  Springfield  Mr.  Deane  continued  his  education  at  Williston 
Seminar}',  and  later  on  at  Brown  University,  from  which,  while 
he  was  not  a  graduate,  he  in  later  years  received  an  honorary 
degree.  On  leaving  college  in  186.5  he  became  associated  with 
his  father  in  the  Ludlow  Mills. 

He  always  sho^ved  a  markedly  mechanical  mind,  and  was  veiy 
much  interested  in  scientific  investigation.  In  the  sixties  he  and 
his  father  became  interested  in  steam  pumps,  and  Mr.  Charles  P. 
Deane  with  his  alert  and  mechanical  mind  took  out  several  pat- 
ents on  direct-acting  steam  })umps.  In  1867  the  well-known 
firm  of  the  Deane  Steam  Pump  Company,  of  Holyoke,  Mass., 
which  bears  his  name,  was  incorporated,  and  there  Mr.  Deane's 
efforts  for  said  company  have  become  mdely  and  favorably 
known  as  the  manufacturer  of  all  kinds  of  pumping  machinery. 
In  this  company  Mr.  Deane  held  an  active  position  up  to  the 
time  of  his  death.  He  was  liked  by  all  who  came  in  contact 
with  him,  and  was  endoAved  with  an  unusually  bright  and  active 
mind,  warm  heart,  and  generous  nature. 

As  an  engineer  he  stood  very  high  in  his  2)rofession,  and  was 
considered  one  of  the  foremost  hydraulic  and  steam  engineers  in 
the  country.  He  was  a  delightful  companion  at  home  and 
in  business  life,  and  was  universally  respected.  Besides  being 
a  member  of  the  American  Society  of  Mechanical  Engineers, 
he  was  also  a  member  of  other  engineering  societies  and  associ- 
ations of  a  scientific  character.  His  membership  in  this  Society 
dated  from  April  7,  1880,  his  signature  being  on  the  register  of 
the  first  annual  meeting. 

FRANCIS  A.  PRATT. 

Francis  Ashbury  Pratt  was  born  in  Woodstock,  Vt. ,  February 
15,  1827.  He  was  of  the  English  ancestrj'^  which  early  settled 
in  New  England,  and  inherited  their  sturdy  qualities  in  full  de- 
gree. His  early  years  ^yeve  spent  in  school  and  as  an  apprentice 
with  "Warren  Aldrich.  At  twenty-one  he  entered  the  employ  of 
the  Gloucester  (Mass. )  Machine  "Works,  where  he  remained  for 
four  years,  then  going  to  the  Colt  pistol  works  at  Hartford, 
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where  he  became  associated  with  Amos  Whitney,  his  business 
associate  for  the  rest  of  his  life. 

After  two  years  at  the  Colt  factory  the  two  men  went  to  the 
Phoenix  Iron  Works  in  the  same  city,  Mr.  Pratt  becoming  super- 
intendent. 

In  1S60  the  firm  of  Pratt  it  Whitney  was  founded,  and  started 
in  a  small  way,  but  were  burned  out  and  obliged  to  start  over, 
which  they  did  in  1862  by  taking  in  Monroe  Stannard  as  fuU 
partner,  giving  the  firm  an  entire  cash  capital  of  S3,CU0.  From 
these  wee  beginnings  the  firm  grew  rapidly,  and  in  ISOO  was 
incorporated  with  §350,000  capital,  Mr.  Pratt  being  elected 
President,  and  Mr.  Whitney  Genei-al  Superintendent.  In  lSi)8, 
by  another  reorganization,  ]\Ir.  Whitney  became  President,  and 
Mr.  Pratt  was  made  Consulting  Engineer,  a  position  which  he 
soon  relinipiished,  as  he  retired  from  business  life. 

The  firm  of  which  Mr.  Pratt  was  a  leading  spirit  was  a  pioneer 
in  the  improvement  of  machine  tools  and  the  introduction  of  the 
interchangeable  system  of  manufacture  now  so  universally  used, 
and  which  has  been  so  important  a  factor  in  carrying  American 
machiner^y  to  the  front.  During  the  Civil  War  the  firm  taught 
the  country  this  system  for  making  firearms  and  invented  the 
machinery  for  carrying  it  out;  and  after  the  close  of  the  Avar 
they  carried  the  same  teaching  to  European  armories  and  to  the 
factories  for  other  branches,  such  as  watches  and  agricultural 
machinery  in  the  United  States. 

In  the  course  of  this  expansion  Mr.  Pratt  made  ten  trips  to 
Europe  for  securing  orders  and  looking  after  installations,  and 
was  so  successful  that  he  brought  home  over  two  million  dollars' 
worth  of  orders. 

To  Mr.  Pratt's  efforts  also  are  largely  due  the  establishment 
of  a  standard  system  of  gauges  which  made  the  nationalization 
of  the  interchangeable  system  possible.  And  along  the  same 
line  was  the  production  of  a  gear-cutting  machine  which  pro- 
duced correct  shapes  of  teeth,  thus  making  fine  gear  work 
possible. 

Mr.  Pratt  was  always  ready,  even  anxious  to  give  to  others 
credit  for  work  well  done,  and  was  especially  appreciative  of  the 
work  done  for  the  country  by  its  technical  schools. 

His  death  occurred  on  February  10,  1902.  He  was  a  charter 
member  of  the  Society,  and  was  elected  a  Manager  in  1880  and 
a  Vice-President  in  1881. 
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ROLAND  GIBBS  EWER. 

E.  G.  Ewer,  as  he  was  more  familiarly  knoTrn,  was  born 
March  19,  1848,  at  Fairhaven,  Mass.,  the  son  of  Maj.  B.  Ewer, 
Jr.,  and  Deborah  Crowell  ^ye. 

He  attended  the  schools  of  his  native  village  until  1864,  when, 
his  father  having  lost  his  life  in  the  battle  of  Cold  Harbor,  he 
was  apprenticed  to  a  firm  in  the  vicinity  of  Boston.  In  1869  he 
came  to  Broolclyn  to  take  charge  of  the  machine  shop  of  Charles 
Pratt's  Oil  Works,  at  Hunter's  Point,  now  Long  Island  City. 
Enlarging  their  works,  they  removed  to  Brooklyn,  the  first 
plant  being  the  present  branch  of  the  Standard  Oil  Com]iany 
known  as  Charles  Pratt's  Oil  "Works  of  Brooklyn,  Mr.  Ewer 
remaining  with  them  as  constructing  and  consulting  engineer 
until  1884. 

In  the  meantime  he  with  Mr.  Henry  R.  Broad  had  established 
the  Progressive  Iron  Works  located  in  Brooklyn. 

In  the  latter  part  of  1888  he  was  asked  bj'  the  Pennsylvania 
Salt  IVIanufacturing  Company  to  superintend  their  works  at 
Natrona,  Pa.,  a  position  which  he  held  until  March  of  1894, 
when  he  resigned  to  acce])t  by  solicitation  of  J.  B.  Ford  the  gen- 
eral management  of  an  alkali  plant  located  at  Wyandotte,  Mich. 
During  Mr.  Ewer's  management  it  became  and  is  now  the  Michi- 
gan Alkali  Company.  Differences  arising  in  the  company,  he 
returned  to  Brooklyn  in  1807,  and  again  took  up  the  manage- 
ment of  the  Progressive  Iron  Works.  At  the  time  of  his  death 
he  was  giving  his  attention  to  the  developing  of  Texas  oil.  His 
love  for  his  profession,  aided  by  continual  study,  made  him 
an  engineer  whose  opinion  was  sought  and  considered  au- 
thority. 

He  was  a  man  of  strong  personal  characteristics,  which  bound 
him  strongly  to  those  with  whom  he  came  in  contact.  He  was 
a  sincere  friend,  more  ready  to  help  others  than  to  hold  for  him- 
self; always  anxious  to  give  encouragement  to  those  less  for- 
tunate than  himself,  or  who,  like  him,  were  obliged  to  fight  the 
battle  of  life  without  a  father's  help  and  advice.  The  shades  of 
his  home  were  never  drawn  at  night,  for  "  some  lonely  homesick 
boy,  tempted  almost  beyond  his  strength  may  pass,  and  a  glimpse 
of  this  happy  home  life  may  bring  up  memories  and  give  him 
courage  to  strive  on."  This  little  instance  shows  the  character 
of  the  man. 
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Mr.  Ewer  was  one  of  the  charter  members  of  this  Society,  and 
was  also  a  member  of  Franklin  Institute. 

lie  passed  awa}''  after  a  short  illness  of  pneumonia  on  Feb- 
ruary 21,  19u2,  leaving  a  wife  and  two  children. 

I  have  seen  a  tribute  to  the  memory  of  his  father,  the  ending 
of  which  is  no  less  fitting  for  the  son.  "  His  life  was  gentle, 
and  the  elements  so  mixed  in  him,  that  nature  might  stand  up 
and  say  to  all  the  world,  '  This  was  a  man.'  " 

CHARLES  H.  NICOLL, 

Charles  H.  Nicoll  was  descended  from,  old  English  people  who 
came  to  this  country  and  settled  when  the  English  first  wrested 
the  ])ossession  of  Xew  York  from  the  Dutch.  He  was  born  on 
Shelter  Island,  April  29,  1840,  his  father  being  Eichard  Floyd 
Kicoll,  and  his  mother  Eebecca  Piatt  K'icoll.  His  father  died  in 
1849,  leaving  him  a  boy  nine  years  of  age,  who  shortly  after 
started  to  help  in  the  earning  of  a  livelihood  for  his  mother  and 
her  five  children,  since  he  was  the  eldest  son. 

He  afterwards  learned  the  machinist  trade,  and  also  attended 
Cooper  Institute,  graduating  from  that  institution. 

In  1871  he  went  to  Newark  to  become  Chief  Engineer  of 
P.  Ballantine  &  Sons'  breweries,  with  the  progress  and  develop- 
ment of  which  he  was  identified  from  that  time  until  his  death, 
which  occurred  February  27,  1902. 

He  was  an  ex]iert  in  the  construction  of  modern  breweries, 
malt  houses,  elevators,  and  refrigerating  plants,  and  generally 
in  the  mechanics  which  in  any  wise  applied  to  the  business  of 
brewing  and  malting. 

He  was  a  member  of  the  American  Society  of  Mechanical 
Engineers  since  November  19,  18S9,  and  a  member  of  the  Mecca 
Tem]ile,  Damascus  Commandery*  Kane  Council,  and  Eureka 
Lodge  of  Newark,  N.  J. 

BRYAN  DONKIX. 

On  March  4th,  last,  the  hand  of  death  struck  from  our 
roll  of  members  the  name  of  Bryan  Donkin,  one  of  those  few 
leaders  in  the  profession  who  have  united  practical  skill,  business 
talent,  and  constructive  ability  with  scientific  learning,  and  who 
have  constantly  retained  a  firm  hold  upon  technical  and  cultural 
information  while  promoting  the  highest  work  of  the  time  in 
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the  ajiplied  sciences  of  engineering  and  in  the  development  of 
improved  machinery  and  methods. 

Mr.  Donkin  was  a  marked  man  at  a  very  early  period  in  his 
career,  and  a  famous  man  much  earlier  than  is  usual  even  among 
men  of  genius.  He  came  of  a  well-known  family,  distinguished 
for  both  ability  and  achievement.  His  grandfather,  the  first 
Bryan  Donkin,  only  recently  deceased,  was  the  founder  of  the 
works  at  Bermondsey,  in  which  this  last  Bryan  learned  his  busi- 
ness. He  was  the  inventor  of  a  variety  of  devices  for  improving 
paper-making  machinery,  and  constructed  a  famous  dividing  en- 
gine at  a  time  when  tine  workmanship,  as  it  would  be  to-day 
defined,  was  hardly  known  or  even  possible.  He  was  a  Fellow 
of  the  Royal  Society  and  a  friend  of  the  great  engineer,  Farey, 
famous  as  an  engineer  and  as  an  author  of  a  standard  treatise  on 
the  steam  engine  of  Watt's  time.  The  two  men  became  partners 
in  the  Bermondsey  firm. 

Bryan  Donkin,  the  subject  of  this  sketch,  was  born  in  1835, 
tlie  oldest  son  of  John  Donkin,  a  brilliant  but  short-lived  mem- 
ber of  the  Donkin  familv.  He  was  educated  at  the  Universitj' 
College,  London,  and  in  I'ficole  Centrale  in  Paris.  He  com- 
pleted his  education  by  study  and  travel  in  Europe  and  in  his 
own  country.  Later  he  served  an  apprenticeship  with  his  grand- 
father's firm,  thus  acquiring  that  combination  of  the  practical 
with  the  scientific  side  of  his  professional  work  Avhicli  is  so  rare, 
yet  so  invaluable  to  the  man  capable  of  acquiring  it  and  of  em- 
])loying  it  with  success. 

In  18.59  he  was  sent  to  Eussia  to  erect  Avhat  was  then  the 
largest  paper  mill,  and  did  his  Avork  well.  In  18fi8  he  was  made 
a  partner  in  the  finn,  and  continued  his  connection  with  it  for 
many  years.  About  1900  he,  with  Mr.  Clench,  organized  a  con- 
siderable engineering  business  at  or  near  Chesterfield.  The  old 
firm  has  in  recent  years  given  up  the  manufacture  of  paper- 
inaking  juachinery  and  occupied  itself  with  the  construction  of 
apparatus  for  gas  making. 

Mr.  Donkin's  work  in  experimental  research  in  the  field  of 
applied  science  in  engineering  was  begun  in  his  first  days 
of  freedom  from  the  trammels  of  the  day's  work.  One  of  the 
earliest  of  compound  stationary  engines,  designed  by  Farey, 
then  recognized  as  a  leading  constructor,  drove  the  machinery  of 
the  Bermondsey  works.  Donkin,  following  in  the  steps  of  his 
gi-eat  masters.  Him  and  Dwelshauvers-Dery,  whom  he  always 
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delighted  to  honor,  carried  on  an  extensive  and  varied  series 
of  experiments  on  this  engine.  It  is  asserted,  by  those  familiar 
with  these  experunents,  that  he,  with  Farey  as  his  coadjutor, 
first  proved  by  direct  scientific  determination  the  transformation 
of  heat  into  work  in  the  steam  engine.  He  ascertained  the  quan- 
tity of  heat  thus  disappearing  by  noting  the  difference  in  quantity 
of  heat  supplied  from  the  boiler,  and  passing  into  the  condenser, 
making  due  allowance,  as  accurately  as  was  then  practicable,  for 
intermediate  losses  by  conduction  and  radiation. 

In  liis  later  years  he  devoted  himself  with  his  accustomed 
energy  and  earnestness  to  the  investigation  of  the  phenomena 
occurring  within  the  steam  cylinder,  and  invented  his  "Re- 
vealer,"  to  reveal  the  behavior  of  the  steam  in  its  action  within 
the  cylinder  during  the  working  stroke.  This  suliject  had  con- 
stant and  enduring  interest  for  him,  and  he  never  lost  an  oppor- 
tunity either  of  securing  new  information,  or  of  making  it  over 
tO  his  professional  comrades.  With  Professor  Kennedy  he 
studied  experimentally  the  thermal  flow  and  efficiencies  of  steam 
boilers,  and  secured  a  very  valuable  collection  of  new  and  useful 
data. 

His  latest  work  has  been  upon  the  gas  engine,  and  his  interest 
and  enthusiasm  regarding  every  aspect  of  applied  thermod\Tia- 
mics  led  him  to  devote  himself  intensely,  and  probably  to  his 
own  injury,  to  the  various  researches  opening  themselves  to  view 
as  he  pursued  his  investigations.  His  treatise,  "The  Gas  En- 
gine," published  by  Griffin  &  Co.,  contains  the  latest  work  of 
this  great  engineer,  physicist,  and  thermodynamist. 

A  fairly  long  lifetime  of  good  works,  aggregating  vastly  more 
than  is  usually  possil)le  with  the  oldest  in  the  ])rofession,  was 
recognized  by  the  men  of  science  of  Great  Britain  and  of  other 
countries,  as  well  as  by  the  greatest  minds  of  his  own  profession. 
He  was  made  a  member  of  the  Eoyal  Institution  and  of  other 
scientific  associations,  of  the  British  Institution  of  Givil  Engi- 
neers, and  of  the  American  Society  of  Mechanical  Engineers. 
The  British  Institution  of  Mechanical  Engineers  made  him  its 
Vice-President. 

Mr.  Donkin  was  not  only  a  distinguished  engineer  and  scien- 
tific investigator,  an  author  of  fame  and  a  Imsiness  man  success- 
ful in  his  enterprises  of  whatever  kind ;  he  was  a  cultured,  learned 
gentleman,  an  earnest  man,  a  good  friend,  and  a  public-spirited 
citizen.     A  more  sound  and  symmetrical  character  is  rarely  met. 
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His  moral  strength,  his  fine  and  cordial  manner,  his  intellectual 
power,  his  great  heart,  and  his  imusual  genius  made  liim  a 
marked  man  wherever  he  became  known.  The  profession  and 
the  Society,  as  well  as  his  friends  and  his  country,  have  in  his 
decease  met  with  a  loss  which  cannot  be  repaired.  He  was 
a  member  of  this  Society  from  November  30,  1892,  until  his 
death  on,  March  4,  1902. 

W.  L.  HOPFECKER. 

Mr.  Hoffecker  was  born  in  Beaver  Meadows,  Pa. ,  on  February 
28,  lS-±2.  During  his  school  years  he  was  engaged  for  some 
time  with  civil  engineers  in  the  survey  of  the  anthracite  mines 
and  the  surrounding  country  for  the  Hazleton  Coal  Company. 
At  the  age  of  seventeen  he  entered  the  Lehigh  Valley  Kailroad 
shops  at  Beaver  Meadows,  and  at  Weatherly  under  his  father, 
who  was  Superintendent  of  Motive  Power.  Under  the  senior 
Hoffecker's  direction  the  "Weatherly  shops  were  noted  for  their 
excellent  work,  and  it  was  here  that  Mr.  W.  L.  Hoffecker  laid 
the  foundation  for  his  life's  work  as  a  railway  mechanic.  From 
Weatherly  he  went  to  the  shops  of  the  Pennsylvania  Railroad  at 
Altoona,  where  he  served  for  four  years  in  the  position  of  erect- 
ing foreman.  From  Altoona  he  went  to  the  Grant  Locomotive 
Works  as  draftsman,  which  position  he  held  for  two  years,  and 
then  was  for  four  years  with  the  Lehigh  Coal  and  Navigation 
Company  as  Master  Mechanic  at  White  Haven.  He  left  this 
position  to  engage  in  contracting  on  his  own  account,  at  the 
same  time  managing  a  planing  mill  at  Hazleton,  Pa. ;  but  the 
attraction  of  the  railway  field  was  too  strong,  and  in  four  years 
he  retursed  to  it  as  foreman  in  the  Delaware,  Lackawana  and 
Western  shops  at  Kingston.  After  four  years  in  this  position 
he  was  made  Master  Mechanic  on  the  Pittsburgh  and  Western, 
in  which  position  and  as  Master  Mechanic  for  the  Ohio  and  Mis- 
sissippi and  the  Atchison,  Topeka  and  Sante  Fe  he  spent  the 
next  eight  years. 

At  the  end  of  that  time,  in  1877,  a  move  was  made  eastward 
again,  and  he  became  Superintendent  of  Motive  Power  for  the 
Central  Railroad  of  New  Jersey,  which  position  he  held  until 
bis  resignation  from  it  about  four  years  ago.  As  he  had  accu- 
mulated ample  means,  he  spent  the  remainder  of  his  life  in  leisure 
and  the  enjoyment  of  a  well-earned  rest  from  arduous  work, 
although  he  kept  up  his  interest  in  engineering  and  railroad 
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matters,  and  did  some  consulting  work  until  his  death,  ^vhich 
occurred  on  March  18,  1902.  Mr.  Iloffecker  joined  the  Society 
in  November,  1890. 

THOMAS  FORSAITH. 
Menibei"s  will  regret  to  learn  of  the  death  of  Mr.  Thomas 
Forsaith,  mechanical  instructor  and  deputy-registrar  of  the 
South  Australian  School  of  Mines  and  Industries,  which 
occurred  on  April  8th,  at  North  Adelaide,  South  Australia. 
Mr.  Forsaith  was  an  enthusiast  in  his  work,  and  by  the  capable 
and  conscientious  discharge  of  his  duties  he  had  won  the  con- 
fidence and  respect,  not  only  of  the  students  under  his  control, 
but  of  the  council,  and  of  his  fellow-instructors.  He  had  a  very 
large  circle  of  friends,  and  every  one  who  knew  him  was  im- 
pressed by  his  high  ideals,  by  his  straightforwardness,  aTid  by 
his  tireless  industry.  Although  he  had  been  in  poor  health 
for  some  time,  and  a  year  ago  was  stricken  by  a  serious  illness, 
Mr.  Forsaith,  with  characteristic  zeal,  remained  at  his  post 
almost  to  the  last. 

]\Ir.  Forsaith  was  born  in  England  about  fifty-six  yeai-s  ago, 
but  came  to  South  Australia  when  quite  a  lad.  His  father  estab- 
lished an  ironworking  business  in  this  city,  and  with  him  Mr. 
Forsaith  served  his  apprenticeship.  In  early  life  he  assisted  to 
fashion  much  of  the  ironwork  of  the  seats  in  the  Brougham  Place 
Congregational  Church.  Subsequently  he  went  to  Mount  Barker, 
where  the  late  Hon.  J.  G.  Kamsay  was  then  the  head  of  a  flour- 
ishing foundry,  and  when  the  northern  agricultural  areas  were 
opened  up  Mr.  Forsaith,  seeing  an  opportunity  for  widening  his 
sphere  of  usefulness,  removed  to  Laura,  where  he  entered  into 
partnersliip  Avith  Mr.  Daniels  in  an  implement  factory.  He  took 
a  prominent  part  in  local  affairs,  and  was  an  active  member  of 
the  Baptist  Church  there.  On  relinquishing  his  connection  vi'ith 
Laura,  Mr.  Forsaith  returned  to  Adcb.ide,  and  became  associated 
with  Messrs.  J.  II.  Horwood  &  Co.,  engineers,  of  Ilindley 
Street,  with  whom  he  remained  until,  in  1899,  he  was  appointed 
to  tlie  charge  of  the  mechanical  department  of  the  School  of 
Mines. 

Mr.  Forsaith's  duties  included  the  imparting  of  instruction  in 
fitting  and  turning,  building  construction,  carpentry,  engine  and 
boiler  making  and  management,  and  mechanical  drawing.  He 
was  a  wonderful  organizer,  and  the  great   interest  which  he 
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ahvays  took  in  tlie  school  resulted  in  a  large  number  of  students 
being  attracted  to  his  classes.  On  more  than  one  occasion  speci- 
mens of  the  skill  of  his  students  have  been  shown  at  public  ex- 
hiliitions  in  Adelaide  or  elsewhere,  and  they  have  invariably 
been  greatly  admired. 

Mr.  Forsaith  was  deservedly  popular  with  every  one  connected 
with  the  establishment,  lie  was  Vice-President  of  the  Associa- 
tion of  Instructors  connected  with  the  school,  and  was  the  only 
local  member  of  the  American  Society  of  Mechanical  Engineers, 
which  Society  he  joined  in  December,  1S99.  Although  an  ex- 
tremely modest  man,  it  was  impossible  for  any  one  to  be  long  in 
Mr.  Forsaith's  society  without  being  impressed  with  the  wide 
range  of  his  knowledge  and  with  the  complete  hold  Avliich  his 
work  had  upon  his  heart.  He  was  a  Past  Master  of  the  Masonic 
craft,  having  gone  through  tlie  chairs  in  Laura,  and  he  was  also 
associated  with  Odd  Fellowship  and  with  the  Foresters'  Society. 

Mr.  Forsaith  leaves  a  widow,  one  son,  and  four  daughters. 

The  School  of  Mines  and  Industries  has  voted  to  erect  a 
memorial  tablet  to  Mr.  Forsaith  in  the  department  in  which  he 
labored  so  long  and  faithfully. 

HENRY   MORTON. 

The  name  is  one  which  needs  no  meed  of  praise  or  narrative 
of  achievement.  For  thirty  years  it  has  stood  as  a  synonym  for 
all  which  is  best  in  manhood  and  most  notable  in  science,  and 
has  been  famed  throughout  the  world  wlierever  technical  ability 
and  technical  education  are  known.  His  life  work  has  been  the 
organization  and  conduct  of  Stevens  Institute,  which  will  ever 
be  as  much  a  monument  to  Dr.  Morton  as  to  the  noted  engineer 
whose  name  it  bears. 

Henry  Morton  was  born  December  11,  1836.  He  passed 
through  the  usual  preparatory  schooling,  and  entered  the  Uni- 
versity of  Pennsylvania,  from  which  he  graduated  in  1857. 
After  this  he  devoted  much  time  to  the  liberal  arts,  and  made  a 
complete  translation  of  the  Rosetta  stone,  Avhich  was  noted  as 
a  remarkable  investigation.  For  a  time  the  young  man  read 
law,  but  soon  turned  to  the  more  congenial  fields  of  chemistry 
and  physics,  and  began  to  teach  these  subjects  at  the  Episcopal 
Academj',  using  apparatus  for  his  lectures  made  mostly  by  him- 
self, and  which  soon  brought  him  into  prominence  by  its  orig- 
inality. 
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In  1863  he  was  appointed  Professor  of  Chemistry  in  the  Phila- 
delphia Dental  College,  and  the  next  year  Secretary  of  Franklin 
Institute.  In  1868  he  went  to  the  University  of  Penns\'lvania 
in  a  temporary  appointment  to  the  chair  of  physics  and  chem- 
istry, in  which  position  he  was  so  successful  that  a  special  chair 
of  chemistry  was  created  for  him. 

In  1869,  when  by  the  will  of  Edwin  A.  Stevens  an  "institu- 
tion of  leai'iiing"  was  to  be  founded,  the  attention  of  Mr.  S. 
Ba\"ard  Dod,  President  of  the  Board  of  Trustees,  was  attracted 
by  a  series  of  lectures  given  by  Professor  Morton  in  aid  of  the 
Franklin  Institute,  and  the  conduct  of  the  new  enterprise  was 
entrusted  to  him. 

Of  its  success  and  the  influence  which  his  personality  and  wise 
judgment  had  toward  producing  it  little  need  be  said;  the  testi- 
mony of  hundreds  of  grateful  grailuates  bears  witness  to  it.  It 
has  always  been  run  within  its  means,  even  when  in  somewhat 
straitened  circumstances,  which  is  a  tribute  to  the  wise  financial 
management  of  Dr.  Morton,  Avhile  his  large-heartedness  is  shown 
by  his  contributions  to  the  su])port  of  the  Institute,  which  have 
amounted  to  Sl45,000.  His  ability  as  a  patent  expert,  of  which 
profession  he  was  one  of  the  most  eminent  members  in  the 
country,  enabled  him  to  thus  gratify  his  benevolent  instincts. 

As  a  scientific  investigator  Dr.  Morton  was  no  less  noted  than 
as  teacher  and  administrator,  and  the  large  number  of  degrees 
conferred  upon  him  show  the  honor  in  which  he  was  held.  But 
he  was  not  alone  scientist,  for  in  literary  and  theological  fields 
he  was  noted  as  well,  and  verses  from  his  pen  were  often  seen  in 
the  current  magazines. 

His  connection  with  the  American  Society  of  Mechanical  En- 
gineers, one  of  the  many  organizations  to  which  he  belonged, 
dated  from  April,  1880,  he  being  one  of  the  charter  members, 
and  a  Vice-President  from  1882-1884.  His  death  occurred  on 
May  9,  1902. 

ROBERT   B.  READING. 
Mr.  Eeading  was  born  July  18,  1869,  in  Allendale,  N.  J.,  at 
the  home  of  his  grandfather,  Mr.  Stephen  Cable,  who  was  one 
of  the  honored  and  highly  respected  men  of  Bergen  County. 

His  paternal  grandfather  v.-as  Ptichard  A.  Eeading,  for  many 
years  President  of  the  Board  of  Fire  Underwriters  of  the  city  of 
New  York. 
55 
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Mr.  Robert  Reading  was  born  a  mechanical  engineer.  His 
ambition  from  liis  earliest  years  was  "  to  be  an  engineer."  His 
amusement,  his  study,  his  work  were  in  tliis  line  only.  After 
leaving  the  Stevens  Institute,  when  not  twenty  years  old,  he 
was  jjlaced  in  the  shops  of  the  Elevated  Road,  b}^  the  late 
lamented  Colonel  Hain,  who  saw  in  the  young  man  i-are  ability. 
In  a  few  months  he  was  advanced  and  given  charge  of  all  re- 
pairs, with  numbers  of  men  to  direct  and  control,  winning  the 
resjject  of  his  superiors  and  the  devotion  of  his  employees.  Later 
on  Mr.  Edwin  Gould  ajiplied  to  Colonel  Hain  for  a  man  capable 
of  taking  charge  of  the  factory  at  Passaic,  N.  J.,  of  the  C-onti- 
nental  Match  Company,  and  Mr.  Reading  was  made,  by  Mr. 
Gould,  Manager  and  Superintendent,  which  position  he  filled 
creditably  and  to  Mr.  Gould's  satisfaction. 

In  1897  Mr.  Reading,  becoming  imbued  with  the  popular  ex- 
citement aroused  by  the  wonderful  stories  from  the  North,  and 
filled  with  the  spirit  of  romance  and  ambition,  gave  u]i  his  posi- 
tion as  manager  for  Mr.  Gould  at  the  Continental  Match  Com- 
pany, and  started  for  the  Ivlondike,  where  he  arrived  just  as  the 
Yukon  River  was  freezing  up  for  the  winter  in  late  September. 
His  trip  there  was  attended  with  many  hardships  and  narrow 
escapes,  in  which  his  railroading  experience  stood  him  in  good 
stead. 

In  July,  1898,  after  nearly  a  year  of  struggles  and  privations, 
he  left  Dawson  and  returned  to  Skagway,  introducing  himself 
to  Mr.  F.  H.  Whiting,  who  was  then  General  IManager  of  the 
"White  Pass  and  Yukon  River  Railroad.  The  latter  was  soon 
impressed  with  Mr.  Reading's  knowledge  of  locomotives  and 
mechanical  ability,  almost  immediately  put  him  in  charge  of  the 
round  house  and  rolling  stock,  and  that  winter  sent  him  East  to 
superintend  the  construction  of  some  locomotives  which  were 
being  built  for  the  company  by  the  Baldwin  Locomotive  Works 
in  Philadelphia.  The  next  spring  Mr.  Reading  accepted  an  offer 
as  Master  Mechanic  of  the  White  Pass  and  Yidvon  River  Rail- 
road, returning  to  Skagway  early  in  the  spring  of  1899.  He 
fulfilled  liis  duties  in  this  position  with  manifest  ability  and  suc- 
cess, meeting  aU  emergencies  and  difficulties  with  skill  and  cour- 
age. When,  in  the  spring  of  the  next  year,  a  new  management 
having  taken  the  place  of  the  old  in  the  administration,  he  left 
again  for  the  States,  he  did  so  to  the  deep  regret  of  all  the  em- 
ployees of  the  road,  who  assembled  and  gave  him  a  farewell 
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banquet,  and  presented  him  vrith  a  beautiful  token  of  remem- 
brance. Mr.  Eeading  tben,  through  his  friend,  Mr.  W.  J. 
McCarroll,  Avent  to  the  Bakbviu  Locomotive  Works  in  Philadel- 
phia, where  he  was  appointed  to  the  position  of  Locomotive 
Engineer,  taking  charge  of  and  delivering  and  jiutting  into  ser- 
vice some  Pennsylvania  Kailroad  engines  then  l)uilding;  after- 
ward taking  charge  of  the  same  work  on  the  Philadelphia  and 
Eeading,  Chicago  and  Great  Western,  Denver  and  Kio  Grande, 
Chicago  and  Alton,  and  other  roads,  proving  himself  to  be  a 
competent  and  reliable  engineer,  and  making  friends  Avherever 
duty  called  him. 

In  December,  1901,  he  was  selected  to  make  an  extended  trip 
on  the  Atchison,  Topeka  and  Santa  Fe  Railway,  stopping  at 
each  terminal  point  and  spending  several  days  giving  lectures 
and  instructing  the  engineers  regarding  the  operation  and  care 
of  the  Baldwin  compound  locomotives,  which  were  being  so  ex- 
tensively used  on  that  road.  Returning  to  Philadelphia  in  May, 
1902,  Mr.  Reading  made  a  short  trip  to  Norfolk,  Ya.,  during 
the  Convention  of  the  Brotherhood  of  Locomotive  Engineers. 
His  last  trip  Avas  made  to  PinetoAvn,  N.  C,  where  he  Avas  sent 
to  examine  a  locomotive  built  for  the  Washington  and  Plymouth 
Railroad.  After  spending  a  few  days  there  and  making  a  satis- 
factory report,  he  returned  to  Philadelphia,  and  proceeded  to 
his  home  in  NeAV  Jersey  on  leave  of  absence,  having  contracted 
a  fever  on  this  Southern  trip,  which  proved  to  be  typhoid,  and 
of  which  he  died  June  16,  1902.  During  his  short  service  with 
the  BaldAvin  Locomotive  Works  of  about  two  years,  Mr.  Reading 
gave  entire  satisfaction,  and  his  early  death  is  greatly  lamented 
by  his  many  friends. 

Mr.  Reading's  kindly  disposition  made  him  friends  whereA'er 
he  went,  and  his  devotion  to  his  mother  and  aged  grandmother, 
who  still  survive  him,  was  unusual  and  touching.  While  not 
demonstrative,  he  Avas  a  true  friend  to  those  who  Avon  his  liking, 
and  his  kindliness  toward  the  Avorld  at  large  is  shown  by  the 
fact  that  he  Avas  never  known  to  speak  ill  of  any  one.  He 
became  a  Junior  Member  of  the  Society  in  June,  1891. 

JOHN   BUTLER  JOHNSON. 
Professor  Johnson,  whose  untimely  death  as  the  result  of  a 
runaway  accident  at  his  summer  home  on  Lake  Michigan  oc- 
curred on  June  23,  1902,  was  an  engineer  whom  the  Society  and 
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the  world  can  ill  afford  to  lose.  His  life  was  largely  spent  in 
teaching,  but  he  had  also  found  time  for  authorship  on  the  sub- 
jects of  his  chosen  specialties,  and  for  practice  of  his  profession 
of  civil  engineering. 

He  was  born  near  Marlboro,  O.,  June  11,  1850.  After  com- 
pleting his  preliminary  schooling  he  drove  home  the  lessons  he 
had  learned  by  imparting  them  to  others  in  the  country  schools, 
and  eventually  became  principal  of  the  high  school. 

In  1874  he  entered  the  University  of  Michigan,  from  which 
he  graduated  in  1SY8,  afterward  spending  iive  years  as  civil 
engineer. 

He  was  called  to  the  chair  of  Civil  Engineering  in  Washington 
University  in  1883,  and  spent  the  next  sixteen  years  in  building 
up  that  department,  finding  meanwhile  time  to  write  "  The 
Theory  and  Practice  of  Surveying,"  and,  in  connection  with 
Messrs.  Turneaure  and  Bryan,  "  Theory  and  Practice  of  Modern 
Framed  Structures,"  and  also  later  "  The  Materials  of  Construc- 
tion "  and  "Engineering  Contracts  and  Specifications,"  all  of 
which  have  become  standard  professional  works. 

In  1899  Professor  Johnson  was  called  to  the  University  of 
Wisconsin  as  Dean  of  the  College  of  Engineering,  which  position 
he  held  at  the  time  of  his  death. 

In  his  social  life  Professor  Johnson  was  no  less  active.  He 
was  a  Trustee  of  the  Unitarian  Church  in  Madison  and  Super- 
intendent of  the  Sunday-school,  and  was  practically  the  founder 
of  the  Art  Club  of  the  same  city.  His  energies  were  always  at 
the  service  of  any  worthy  public  cause. 

He  was  a  member  of  the  American  Society  of  Civil  Engineers, 
the  Institution  of  Civil  Engineers  of  Great  Britain,  the  Western 
Society  of  Engineers,  the  American  Society  of  Mechanical  Engi- 
neers, which  he  joined  in  June,  1891,  and  a  Fellow  of  the  Ameri- 
can Association  for  the  Advancement  of  Science.  Recently  he 
had  been  actively  associated  with  the  committee  on  the  proposed 
Carnegie  Institue  of  Pittsburgh. 

JOHN  H.  HALL. 
Mr.  HaU  was  born  in  Portland,  Conn.,  March  24,  1849.  His 
early  education  was  finished  at  the  Cheshire  Episcopal  Academy; 
following  this  he  entered  business  in  New  York  Avith  Messrs. 
Sturgis,  Bennett  &  Co. ,  importers  of  tea  and  coffee,  with  which 
company  he  remained  for  five  years ;  then  returning  to  Port- 
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land  and  purchasing  a  large  interest  in  the  Pickering  Governor 
Company.  After  the  death  of  the  president  of  this  company  he 
was  elected  to  that  position,  and  was  also  made  President  of  the 
Brainard,  Shaler  &  Hall  Quarry  Company,  Portland,  at  about 
the  same  time. 

In  ISSS  Mr.  Hall  was  appointed  General  Manager  of  the  Colt's 
Patent  Fire  Arms  Manufacturing  Companj',  in  1890  elected 
Vice-President,  and  in  1901,  on  the  reorganization  of  the  above- 
named  company,  was  elected  its  President  and  also  President  of 
the  Gatling  Gun  Company. 

In  politics  he  was  a  Democrat,  and  in  1895  and  1896  was  State 
Senator  for  the  First  District. 

Mr.  Hall  was  a  Director  in  the  Phoenix  Insurance  Company, 
Phoenix  Mutual  Life  Insurance  Company,  Hartford  Bank,  Port- 
land First  National  Bank,  and  Trustee  of  the  Dime  Savings 
Bank. 

Mr.  Hall  was  a  member  of  the  American  Society  of  Mechani- 
cal Engineers  of  New  York,  Engineers'  Club,  New  York,  Man- 
hattan Club,  New  York,  New  York  Athletic  Club,  New  York, 
Larchniont,  New  Haven  and  Hartford  Yacht  Clubs,  Metropoli- 
tan Club  of  "Washington,  and  the  Country  Club  of  Farmington, 
Conn.  He  joined  the  Society  as  an  Associate  Member  in 
November,  1883. 
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